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CXXjNmVE  APPRENTICESHIP; 

TEACHING  THE  CRAFT  OT  READING.  WRITING,  AND  MATHEMATICS 


Allan  CtAins,  John  Seely  Brown,  and  Smean  £.  Newman 


It  is  only  ia  tbe  last  century,  and  only  in  industrialized  nations,  that  formal  schooling  has  emerged  as  a 
wide^read  method  of  educating  die  young.  Before  schools,  apprenticeship  was  the  most  common  means  of 
teaming,  used  to  transmit  the  knowledge  zeqniiBd  for  etqjiert  practice  in  5elds  from  painting  and  reuniting  to 
medicine  and  law.  Even  today,  many  complex  and  impottam  skills,  such  as  those  lequiisd  for  language  use  and 
social  interactioo.  ate  teamed  infotmally  through  appremiceshiplike  medMds  -  i.e.,  methods  involving  not  didactic 
teaching,  but  observation,  coaching,  and  successive  approximation  while  carrying  out  a  variety  of  tasks  and 
activities. 

The  differences  between  formal  schooling  and  apprenticeship  methods  are  mmy,  but  for  our  purposes,  one  is 
aaofl  impottartt.  Perhaps  as  a  by-product  of  the  ipecializatioa  of  learning  in  schools,  skills  and  knowledge  taught  in 
schools  have  become  abstracted  from  their  uses  in  tbe  world.  In  apprenticeship  learning,  on  the  other  hand,  target 
skills  are  not  only  continually  in  use  by  skilled  praedtionets,  but  ate  instnimentil  to  the  accomplishment  of 
meaningful  tasks.  Said  differently,  apprenticestiip  embeds  the  learning  of  skills  and  knowledge  in  the  social  and 
hmctional  context  of  their  use.  This  difference  is  not  academic,  but  has  serious  implications  for  the  nature  of  the 
knowledge  that  students  acquire.  This  paper  attempts  to  elucidate  some  of  those  implicatioos  through  a  proposal  for 
tbe  retooling  of  af^nenticeship  methods  for  the  teaching  and  learning  of  cognitive  skills.  Specifically,  we  propose 
the  development  of  a  new  cognitive  apprenticeship  to  teach  students  the  thinking  and  probfem-solving  skills 
involved  in  school  subjects  such  as  reading,  writing,  and  mathematics. 

The  organization  of  the  paper  is  as  fallows:  In  the  first  section,  we  disenss  hnefly  what  we  bdieve  to  be  key 
shoncoinings  in  cunem  curricular  and  pedagogical  pnetioes.  Wc  then  present  some  of  the  structural  features  of 
tnditioiia]  appientioeship  and  discuss,  in  general,  what  would  be  required  to  adapt  these  characteristics  to  the 
leaching  and  learning  of  cogntttve  skills. 

In  the  second  sectioa  we  consider  in  detail  ttaee  lecemly  developed  pedagogical  "success  models,"  which  we 
bdieve  exemplify  aspects  of  apprenticeship  methods  in  teaching  the  thinking  and  reasoning  skills  involved  in 


leading,  writing  and  madir  dcs.  We  anempt  to  show  bow  and  why  these  methods  are  successful,  with  tegaid  to 
the  de«eIo|)ment  of  not  only  the  cognitive,  but  also  the  meiacogniiive  slciHs  cequiied  for  tnie  expertise. 


! 
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la  the  final  sectioo,  we  organiie  our  ideas  on  the  pinposes  aad  cfaaiacieristics  of  succfisslul  teaching  imo  a 
general  fiamewoik  for  the  design  of  learning  environments,  where  "environment"  mdndes  the  contem  being  taught, 
the  pedagogical  methods  employed,  the  sequencing  of  learning  activities,  and  the  sociology  of  learning,  lliis 
framework  emphasizes  bow  cognitive  apprenticeship  goes  beyond  the  techniques  of  traditiooal  apprenticeshq).  We 
hope  it  will  be  useful  to  the  field  in  designing,  evaluating,  and  doing  research  on  pedagogical  methods,  materials, 
and  technologies. 

1.  Toward  a  Synttiesb  of  Schooling  and  Apprcntioeship 

Schooling  and  the  Acqnisirion  of  Expert  Practice.  While  schools  have  been  lelarively  sucoessfiil  in 
organizing  and  conveying  large  bodies  of  conceptual  and  factual  knowledge,  standard  pedagogical  practices  render 
key  a^cts  of  expertise  invisible  to  students.  In  particular,  too  little  attention  is  paid  to  the  processes  that  experts 
engage  in  to  use  or  acquire  knowledge  in  carrying  out  complex  or  realistic  tasks.  Where  processes  are  addressed, 
the  emphasis  is  on  fonmilaic  methods  for  solving  "textbook"  proMems,  or  on  the  devetopmem  of  low-level  subskills 
in  relative  isolation.  Few  resources  are  devoted  to  higher-order  problem-solving  activities  that  require  students  to 
actively  integrate  aixl  appropriately  apply  subskills  and  conceptual  knowledge. 

As  a  result,  conceptual  aixl  problem-solving  knowledge  acquired  in  school  remains  largely  unintegiaied  or 
inert  for  many  students,  in  some  cases,  knowledge  remains  bound  to  surface  features  of  problems  as  they  appear  in 
textbooks  and  class  presentations.  For  example,  Schoenfeld  (1985)  has  found  that  students  rely  on  their  knowledge 
of  standard  textbook  patterns  of  problem  presentation,  rather  than  on  their  knowledge  of  problem-solving  strategies 
or  intrinsic  properties  of  the  problems  themselves,  for  help  in  solving  matfaemarics  problems.  Problems  that  fall 
outside  these  panems  do  not  invoke  the  qspiopriate  problem-soiving  methods  and  lelevmt  conceptual  knowledge. 
In  other  cases,  snidents  fail  to  use  resources  available  to  them  to  improve  their  skills  because  they  lack  models  of  the 
processes  lequired  for  doing  so.  For  example,  in  the  domain  of  writing,  students  are  unable  to  mrice  use  of  potential 
models  of  good  writing  acquired  through  reading  because  they  have  no  understanding  of  the  strategies  and  processes 
requried  to  produce  such  ext  Stuck  widi  what  Bereiter  and  Scardamaha  (1965)  call  "Imowledge-telling  strategies." 
they  are  unaware  that  expert  writing  involves  organizing  one's  ideas  about  a  topic,  elaborating  goals  to  be  achieved 
in  die  writing,  thinking  hbout  what  the  audience  is  likely  to  know  m  believe  about  the  subject,  atxl  so  on. 
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In  oiderio  make  real  diffinences  in  students’  skill,  we  need  txnh  to  understand  the  mtture  of  expert  practioe 
■id  to  deviae  methods  that  are  appropriate  to  learning  that  practice.  Thus,  we  must  first  recognize  that  cognitive  and 
metacognitive  strategies  and  processes,  more  centrally  than  low-level  sobskills  or  abstract  conceptual  and  factual 
knowledge,  are  the  organizing  piiiKiples  of  expertise,  particulatly  in  domains  such  as  reading,  writing,  and  basic 
mathematics.  Bmber.  becmse  expert  practice  in  these  domains  tests  crucially  on  the  integration  of  cognitive  and 
metacognitive  processes,  we  believe  that  it  can  best  be  Uoight  through  methods  that  emphasize  wlut  Lave  (in 
prepatatioa)  calls  successive  approximafian  of  mature  practioe.  methods  that  have  traditionally  been  employed  in 
apprenticeship  to  transmit  complex  physical  processes  and  skills.  We  propose  that  these  methods  of  apprenticeship 
be  adapted  to  the  teaching  and  learning  of  complex  cognitive  skills. 

IVaditioaal  Apprenticeship.  In  order  to  get  an  idea  of  what  these  methods  may  look  like  and  why  they  are 
likely  to  be  effective.  let  us  first  consider  some  of  the  crucial  features  of  traditional  apprenticeship.  We  have  relied 
on  Lave's  (in  preparation)  careful  description  of  appiendcesfaip  as  practiced  in  a  West  Afiican  tailoring  shop  for 
many  of  our  insights  into  the  nature  of  apprenticeship. 

First  and  foremost,  apprentioeship  highlights  methods  for  carrying  out  tasks  in  a  domain.  Ajqrrentices  leam 
these  methods  through  a  combination  of  wtut  Lave  calls  observation,  coaching,  and  practice,  or  what  we  from  the 
teacher’s  point  of  view,  call  modelling,  coaching,  aixl  fading.  In  this  sequeiKe  of  activities,  the  apprentice 
repeatedly  observes  the  master  executing  (or  modelling)  the  target  process,  which  usually  involves  a  number  of 
differem  but  interrelaied  subskills.  The  apprentice  then  attempts  to  execute  the  process  with  guidance  and  help  from 
the  master  (coaching).  A  key  aspea  of  coaching  is  the  provision  of  scaffolding,  which  is  the  suppon.  in  the  form  of 
reminders  and  help,  that  the  r^rentice  requires  to  approximate  the  execution  of  the  entire  composite  of  skills.  Once 
the  learner  has  a  grasp  of  the  target  skill,  the  master  reduces  his  participation  (fades),  providing  only  limited  hints, 
refinements,  and  feedback  to  the  learner,  who  practices  by  successively  approximaaing  smooth  execution  of  the 
wh(4e  skill. 

Several  points  are  worth  emphasizing  here.  The  tnerplay  between  observation.  scafTdding.  and  increasingly 
independem  practice  aids  apprentices  both  in  developing  self-monitonng  and  -correction  skills,  and  in  integrating 
the  slrinK  and  conceptual  knowledge  needed  to  advance  toward  expertise.  Observation  plays  a  surprisingly  key  role; 
Lave  hypothesizes  that  it  aids  learners  in  developing  a  conceptual  model  of  the  target  task  or  process  pnor  u> 
anemptiug  to  execuK  it  Having  a  conceptual  model  is  ai  irttpoitant  factor  in  apprenticeship's  success  in  teaching 
complex  sirik  without  resorting  to  lengthy  practice  of  isolated  subskills,  for  three  related  reasons.  First,  it  provides 


kameis  with  an  advaiced  organizer  for  itwir  intial  attempts  to  execute  a  complex  doll,  thus  allowing  them  to 
coocentnte  more  of  their  attention  on  execution  than  would  otherwise  he  possdtle.  Second,  a  conceptual  model 
provides  an  inteipietative  stiuctuie  for  making  sense  of  die  feedhadt,  bints,  and  conections  from  the  master  during 
imetactive  coaching  sessions.  And  third,  it  provides  an  internalized  guide  for  the  period  of  relatively  independent 
pracdce  by  successive  approximatioa  Moreover,  development  of  a  conceptual  model,  which  can  be  continually 
updattd  throu^  further  observation  and  feedback,  encourages  autonomy  in  what  we  call  reflection  (Collins  & 
Browa  in  press).  Reflection  is  the  process  that  underlies  the  ability  of  learners  to  compare  their  own  performance, 
at  both  micro  and  macro  levels,  to  the  performance  of  an  expen.  Such  comparisons  aid  learners  in  diagnosing 
difficulties  and  incrementally  adjusting  their  performance  until  they  reach  competence.  A  conceptual  model  serves 
as  an  internal  model  of  expen  performance,  and  thus  as  a  basis  for  development  of  self-monhoring  and  -correction 
skills. 

A  second  key  observation  about  appremiceship  in  general  concerns  the  embedding  social  context  in  which 
learning  takes  place.  Apprenticeship  derives  many  (cognitively  important)  characteristics  from  its  embedding  in  a 
subculture  in  which  most,  if  not  all,  members  are  visible  participants  in  the  target  skills.  As  a  result,  learners  have 
continual  access  to  models  of  expenise-in-use  against  which  to  refine  their  understanding  of  complex  skills. 
Moreover,  it  is  not  uncommon  for  apprentices  to  have  access  to  several  masters  and  thus  to  a  variety  of  models  of 
expertise.  Such  richness  and  variety  helps  apprentices  to  understaod  that  there  may  be  multiple  ways  of  carrying  out 
a  task  and  to  recognize  that  no  one  individual  embodies  all  knowledge  or  expertise.  And  finally,  in  the  tailoring 
shop  described  by  Lave,  learners  have  the  opportunity  to  observe  other  learners  at  varying  degrees  of  skill;  among 
other  things,  this  encourages  them  to  view  learning  as  an  incrementally  staged  process,  while  providing  them  with 
concrete  benchmarks  for  their  own  progress. 

From  TradHkmai  to  Cognitive  Apprentkestiip.  This  paper  propows  a  rethinking  of  these  aspects  of 
apprenticeship  for  the  teaching  and  learning  of  subjects  such  as  reading,  writing,  and  mathematics.  We  call  this 
rethinking  of  teaching  and  learning  in  school  ’’cognitive  ^reniiceship"  to  emphasize  two  things.  First,  these 
methods  are  aimed  primarily  at  teaching  the  processes  that  experts  use  to  handle  complex  tasks.  Where  conceptual 
and  factual  knowledge  is  addressed,  cognitive  apprenticesfaip  emphasizes  its  uses  in  solving  problems  and  carrying 
out  tasks.  That  is.  in  cognitive  apprenticeship,  conceptual  and  fartiial  knowledge  is  exemplified  and  situated  in  the 
coiaexts  of  its  use.  Conceptual  knowledge  thus  becomes  known  in  terms  of  its  uses  in  a  variety  of  contexts, 
cncomging  both  a  deeper  understatxfang  of  the  meathng  of  the  concepts  themselves  and  a  rich  web  of  memorable 
assodatioas  between  importam  concepts  and  problem-solving  cooexis.  It  is  this  dual  focus  on  expert  processes  md 
tihuird  learning  that  we  eiqiect  to  he^i  sdve  the  educahonal  ptobfems  of  britfle  driiu  and  men  knowledge. 


Second,  the  lenn  cognitive  aiipientioesbip  tefers  to  the  that  the  focus  of  the  leaming-through-guided- 
expeiience  is  on  cognitive  and  metacognitive,  tather  than  od  physical,  and  processes.  While  we  do  not  wish  to 
dixw  atntgor  tfaeoieiical  distinction  between  the  learning  of  physical  and  cognitive  drills,  there  are  differences  that 
have  piactical  implicalians  for  the  organization  of  teaching  and  teaming  activiiies  and  teacher-learner  interactions. 
Most  anpoitantly,  traditional  ^prenticeship  has  evolved  to  teach  domains  in  which  the  process  of  canying  out 
target  skills  (1)  is  external  and  thus  leadily  availaUe  to  both  student  and  teacher  for  observation,  commem, 
refinement,  and  correction  and  (2)  bears  a  relatively  transparem  relationship  to  concrete  products  that  are  the 
outcome  of  die  skill.  The  extemalization  of  relevant  processes  and  methods  makes  possiUe  sicfa  characteristics  of 
qipreraiceship  as  its  reliance  on  observation  as  a  primary  means  of  building  a  cmiceptual  model  of  a  complex  target 
skill.  And  the  relatively  traisparem  relationship,  at  all  stages  of  production,  between  process  and  product  faciliutes 
the  learner's  recognition  and  diagnosis  of  errors,  upon  which  the  early  developmem  of  self-correction  skills  depends. 

^iplying  apprenticeship  methods  to  largely  cognitive  skills  requires  the  extemalization  of  processes  that  are 
usually  carried  out  internally.  At  least  as  most  subjects  are  taught  and  learned  in  school,  teachers  cannot  make  fine 
adjustments  in  studems*  application  of  skill  and  knowledge  to  problems  and  ta^,  because  they  have  no  access  to 
the  relevam  cognitive  processes.  By  the  same  token,  students  do  not  usually  have  access  to  the  cognitive  problem¬ 
solving  processes  of  instructors,  as  a  basis  for  learning  through  observation  arxl  mimicry.  Cognitive  research, 
through  such  methods  as  protocol  analysis,  has  begun  to  delineate  the  cognitive  and  metacognitive  processes  that 
heretofore  have  tacitly  comprised  expertise.  Cognitive  tqrpremiceship  teaching  methods  are  designed,  among  other 
things,  to  bring  these  tacit  processes  into  the  open,  where  studems  can  observe,  enact,  and  practice  them  with  help 
fiom  the  teacher  and  fiom  other  students. 

Cognitive  appretitioeshq)  also  requires  extended  techniques  to  encourage  the  development  of  self-correction 
and  -monitoring  skills,  as  we  cannot  rely  on  the  transparem  relationship  between  process  and  {noduct  that 
characterizes  the  learning  of  sudi  physical  skills  as  tailoring.  We  have  ideiriified  two  basic  means  of  fostering  these 
crucial  metacognitive  skills.  First,  cognitive  apppreraicesfaip  encourages  reflection  on  diffinences  between  novice 
and  expert  {jerformance  by  alternation  between  ex{)ert  and  novice  efforts  arxl  by  techniques  that  we  have  elsewhere 
called  "abstracted  replay"  (Collins  &  Brown,  in  fness).  Altemation  between  ex|)ett  and  novice  efforts  in  a  shared 
problem-solving  context  seisitizes  students  to  the  details  of  expert  performance  as  the  basis  for  incrememal 
adjustments  rn  their  own  (rerfomance.  Abstracted  replay  attempts  to  focus  students'  observations  and  comparisions 
directly  on  the  determining  fieaturet  of  both  their  own  and  an  expen's  }>erfonnance  by  highlighting  those  features  in 
a  skillfiil  verbal  descrt{mon,  or,  in  some  domains,  through  use  of  recording  technologies  such  as  computers  or 
videotapes. 


I 


A  second  means  of  encouraging  the  development  of  self-mtmitonng  and  -conection  Aills  is  based  on  tbe 
insight  that  these  skills  require  the  problem  solver  to  alternate  among  different  cognitive  activities  while  carrying  out 
a  conqrlex  task.  Most  notaUy,  complex  cognitive  activities  involve  some  version  of  both  generative  and  evaluative 
processes.  However,  both  types  of  processes  are  complex  and  can  be  difficuh  to  learn  in  tandem.  Thus,  cognitive 
appnenticedrqr  involves  the  devel<^>ment  and  extemalizatiao  of  a  producer-critic  dialogue  that  students  can 
gradually  internalize.  Tbis  development  and  extemalization  is  accomplished  through  discussion,  ahemation  of 
tracfter  and  learner  roles,  and  group  proUem-sdving. 

Some  Caveats.  Obviously,  rqrprentioesfaip  is  itMended  as  a  suggestive  rather  than  an  exact  model  for  teaching 
and  teaming  in  in  the  future.  In  addition  to  the  emphasis  on  cognitive  and  metacognitive  skills,  there  are  two  major 
differences  between  cogititive  apprenticeship  and  traditional  apprenticeship.  First,  because  traditional 
apprenticeship  is  set  in  the  workplace,  the  problems  and  tasks  that  are  given  to  learners  arise  not  from  pedagogical 
concerns  but  from  tbe  demands  of  the  workplace  Cognitive  appienticship  as  we  eirvisicD  it  differs  from  traditional 
af^renticeship  in  that  the  tasks  and  problems  are  chosen  to  illustrate  the  power  of  certain  techniques  or  methods,  to 
give  students  practice  in  relying  these  methods  in  diverse  settings,  and  to  slowly  increase  the  complexity  of  tasks 
so  that  component  skills  and  models  can  be  integrared.  In  short  tasks  ate  sequenced  to  reflect  the  changing  demaixls 
of  leaming.  Letting  the  job  demands  select  the  tasks  for  students  to  practice  is  one  of  the  great  inefficietKies  of 
traditional  apprenticeship. 

On  tbe  other  hand,  the  economic  bias  in  apprenticeship  has  usehil  as  well  as  less-tfaan-ideal  effects.  For 
example,  apprentices  are  encouraged  to  quickly  leam  skills  that  ate  usefid,  and  Ifaeiefoie  meaningful  within  the 
social  context  of  the  workplace.  Moreover,  apprentices  have  natural  opportunities  to  realize  the  value,  m  concrete 
economic  terms,  of  their  developing  skill:  well-executed  skills  result  in  saleable  products.  Cognibve  q[>prenticeship 
must  find  a  way  to  cmate  a  culture  of  expert  practice  fee  students  to  participate  in  and  aspire  to.  as  well  as  devise 
meaningful  bencfamaiks  and  incentives  for  progress. 

A  second  difference  between  cognitive  appientioeship  and  traditional  apprenheeshtp  is  the  emphasis  in 
cognitive  apprenticeship  on  decontextualizing  knowledge  so  that  it  can  be  used  in  many  differem  settings. 
Tfaditional  appiemicesfaip  emphasizes  teaching  skills  in  the  context  of  use.  We  propose  that  cognitive 
apprenticeship  should  extend  situated  learning  to  drveiae  settings  so  that  students  leam  how  to  apply  their  skills  in 
diffeient  contexts.  Moreover,  the  abstract  pnnciples  underlying  tbe  appUcation  of  knowledge  and  skills  in  different 
settings  should  be  articulated  as  fiilly  as  possible  by  tbe  teacher,  whenever  they  arise  in  differem  contexts. 
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We  do  not  'want  to  argue  that  cognitiw  ai^renticediip  is  die  only  way  to  leant,  ileading  a  tx>ok  or  listening  to 
a  lecture  are  important  ways  to  learn,  particularly  m  domains  where  conceptual  and  factual  knowledge  ate  centraL 
Active  listeners  or  readers,  who  test  their  nTvtif«a»vlin£  and  pursue  the  issues  that  ate  raised  in  dieir  minds,  learn 
dungs  that  apprectioeship  can  never  teach.  However,  to  the  degree  the  reader  or  listener  is  passive,  they  will  not 
leam  as  much  as  they  would  by  apprenticeship,  because  apprenticeship  forces  them  to  use  their  knowledge. 
Moreover,  few  people  leam  to  be  active  readers  and  listeners  on  their  own,  and  that  is  where  cognitive 
appienticesfaip  is  critical  —  observing  the  processes  by  which  an  expert  listener  or  reader  thinks,  and  practicing  these 
skills  under  the  guidance  of  the  expert  can  teach  students  to  leam  on  their  own  mote  skillfidly. 

Even  in  domains  that  test  on  elaborate  conceptual  and  factual  underpinnings,  students  must  leam  the  practice 
or  art  of  solving  problems  and  carrying  out  tasks.  And  to  achieve  expen  practice,  some  version  of  apprenticeship 
remains  the  method  of  choice.  Thus  appienhceshiplike  methods  are  widely  used  in  graduate  education  in  most 
domains.  Students  ate  expeaed  to  leam  how  to  solve  problems  that  arise  in  the  context  of  carrying  out  complex 
tasks,  and  to  extend  and  make  use  of  their  textbook  knowledge  by  undertaking  significant  projects  guided  by  an 
expen  in  the  field. 

We  would  argue  that  the  development  of  expen  practice  through  situated  learning  and  the  acquisition  of 
cognitive  and  metacognitive  skills  is  equally  if  not  more  imponant  in  more  elementary  domains.  This  is  nowhere 
more  evident  than  in  the  foundational  domains  of  reading,  writing,  and  mathematics.  These  domains  are 
foundational  not  only  because  they  provide  the  basis  for  learning  and  communication  in  other  school  sidrjects.  but 
also  because  they  engage  cognitive  and  metacognitive  processes  that  ate  basic  to  learning  and  thinking  mote 
generally.  Unliki  school  subjeas  such  as  chemistry  or  history,  these  domains  rest  on  relatively  sparse  conceptual 
and  factual  underpinnings,  turning  instead  on  students'  robust  and  efficient  execution  of  a  set  of  cognitive  and 
metacognitive  skills.  Given  effective  analyses  and  extemalizable  prompts  for  these  skills,  we  believe  that  these 
domains  are  particularly  well  suited  to  teaching  methods  modelled  on  cognitive  apprenticeship.  In  the  next  section 
of  this  paper,  we  discuss  a  set  of  recently  developed  and  highly  successful  models  for  teaching  the  cognitive  and 
metacognitive  dciiu  involved  in  reading,  writing,  and  mathematics  in  teiros  of  the  key  ixxions  underlying  our 
cognitive  ^jprenticeship  modeL 

2.  Three  Smccss  Models  fcr  Cognitive  Apprenticeship 

Palincsarand  Brown's  Reciprocal  Teaching  cf  Rcaiiing.  Palincsar  and  Brown's  (1984)  method  of  teaching 


reading  comprefaenskm.  w'  i  exemplifies  many  of  the  featmes  of  cognitive  apprenlioeriiip.  has  proved  remaricably 
effective  in  raising  students  scores  on  reading  comprehension  tests,  especially  those  of  poor  readers.  The  basic 
method  centers  on  modelling  and  coaching  students  in  four  strategic  skills:  foimulating  questions  based  on  the  text, 
summarizing  the  text,  making  predictions  about  what  will  come  next,  and  clarifying  difficulties  with  the  text.  The 
method  has  been  used  with  groups  of  two  to  five  students,  as  well  as  individual  smdents.  It  is  called  Reciprocal 
Teaching  because  the  teacher  and  students  take  turns  playing  the  role  of  teacher. 

The  procedure  is  as  follows:  Both  the  teacl^r  and  students  read  a  paragr:q>h  silently  to  themselves.  Whoever 
is  playing  the  role  of  teacher  fonnulates  a  question  based  on  the  paragraph,  constructs  a  summary,  and  makes  a 
prediction  or  clarification  if  any  come  to  mind.  Initially,  the  teacher  models  this  process,  eventually  turning  it  over 
to  the  students.  When  studeius  first  undertake  the  process,  the  teacher  coaches  them  extensively  on  how  to  construct 
good  questions  and  summaries,  offering  prompts  and  critiquing  their  efforu.  In  this  way,  the  teacher  provides 
scaffolding  for  the  students,  enabling  them  to  take  on  whatever  portion  of  the  task  they  can.  As  the  students  become 
more  proficient,  the  teacher  fades,  assuming  the  role  of  monitor  arxi  providing  occasional  hints  or  feedback.  Table  1 
shows  a  sequetKe  of  dialogues  illustrating  how  scaffolding  is  used  and  adjusted  over  time  to  help  a  student 
formulate  questions  about  a  series  of  texts. 

Reciprocal  Teaching  is  extremely  effective.  In  a  pilot  study  with  individual  students  who  were  poor  readers, 
the  method  raised  subjects'  reading  comprehension  test  scores  from  15%  to  SS%  accuracy  after  about  20  training 
sessions.  Six  months  later  the  students  were  still  at  60%  accuracy,  recovering  to  85%  after  only  one  session.  In  a 
subsequem  study  with  groups  of  two  students,  the  scores  increased  fiom  about  30%  to  80%  accuracy,  with  very  little 
change  eight  weeks  later  In  classroom  studies  with  groups  of  four  to  seven  students,  test  scores  increased  from 
about  40%  to  80%  correct,  again  with  only  a  slight  decline  eight  weeks  later.  These  are  very  dramatic  effects  for 
any  instructional  interventioiL 

Why  is  Reciprocal  Teaching  so  effective?  fai  our  analysis,  which  reflects  in  part  the  views  of  Palincsar  and 
Brown  (Brown  and  Palincsar,  in  press,  this  volume:  Palincsar  and  Brown.  1984)  its  effectiveness  depends  iqwD  the 
co-occurrence  of  a  number  of  factors. 

Fust,  die  method  engages  students  in  a  set  of  activities  diat  help  them  form  a  new  conceptual  model  of  the 
task  of  reading.  In  traditional  schoolmg,  students  leam  to  identify  reading  with  the  subsidils  of  recognizing  and 
pronouncing  words  and  with  the  activities  of  scanning  text  and  saying  it  aloud.  Under  the  new  conception,  students 


TABLE  1 


The  Acquisition  of  Question-Asking  by  a  Weak  Seventh-Grade  Student 
Using  Reci|KOcal  Teaching  (from  Palincsar  &  Brown,  1984) 

Day  J 

TEXT:  The  water  moccasin,  somewhat  longer  »h»n  the  coppeifaead,  is  found  in  southeastem  states.  It  lives  in  swampy 
regions.  It  belongs,  as  do  also  the  copperhead  and  the  rattlesnakes,  to  a  group  of  poisonous  snakes  called  pit  vipers. 
They  have  pits  between  their  eyes  and  their  nostrils  which,  because  they  are  sensitive  to  heat,  help  the  snakes  tell  them 
when  they  ate  near  a  warm-blooded  animal.  Another  name  for  the  water  moccasin  is  '  cononmoutfa."  This  name  comes 
from  the  white  lining  of  the  stake's  mouth. 

1.  C:  What  is  found  in  the  southeastem  snakes,  also  the  copperhead, 

rattlesnakes,  vipers— they  have.  I’m  not  doing  this  right. 

2.  T;  All  right.  Do  you  want  to  know  about  pit  vipeis? 

3.  C:  Yeah. 

4.  T;  What  would  be  a  good  question  about  the  pit  vipers  that  starts 

with  the  word  "why?" 

5.  C;  (No  response) 

6.  T :  How  about.  "Why  are  the  snakes  called  pit  vipers?" 

7.  C;  Why  do  they  war#  to  know  that  they  are  called  pit  vipers? 

8.  T:  Try  it  again. 

9.  C:  Why  do  they,  pit  vipers  in  a  pit? 

10.  T;  How  about,  "Why  do  they  call  the  snakes  pit  vipers?" 

11.  C:  Why  do  they  call  the  snakes  pit  vipers? 

12.  T;  There  you  go!  Good  for  you. 

Day-4: 

TEXT:  Spitmer's  male  is  much  smaller  than  Ae.  and  hit  body  is  dull  brown.  He  spends  most  of  his  ume  sitting  at  one 
side  of  her  web. 


13. 

C: 

(No  question) 

14. 

T: 

What's  this  paragraph  about? 

15. 

C; 

Spinner's  mate.  How  do  spinner’s  mate... 

16. 

T: 

That's  good.  Keep  going. 

17. 

C; 

How  do  spinner's  mate  is  smaEcr  than..  Jlow  am  1  going 
to  say  that’’ 

IB.  T;  Takeyourlime  widih.  You  want  to  ask  a  question  about 

spinner's  mate  and  what  he  does,  beginning  widi  the  word  "how." 

19.  C:  How  do  tiiey  spend  most  of  his  time  sitting? 

20.  T:  You’re  very  close.  The  question  would  be,  'How  does 

simmer's  mate  spend  most  of  bis  time?"  Now,  you  ask  it 

21.  C:  How  does  spirmer’s  mate  spend  most  of  his  time? 

Day  7: 

TEXT:  Peihapc  you  are  wondering  where  the  lava  and  other  volcanic  products  come  from.  Deep  svithin  our  earth  there 
are  pockets  of  molten  rock  called  magma.  Forced  upward  in  part  by  gas  pressure,  this  mohen  rock  continually  tries  to 
reach  the  surface.  Eventually-by  means  of  cracks  in  the  crustal  rocks  or  some  similar  zone  of  weakness— the  magma 
may  break  out  of  the  ground.  It  then  flows  from  the  vent  as  lava,  or  spews  skyward  as  dense  clouds  of  lava  panicles. 

22.  C:  How  does  die  pressure  from  below  pushes  the  mass  of  hot  rock 

against  the  opening?  Is  that  it? 

23.  T:  Not  quite.  Start  your  question  with,  "What  happens  when?" 

24.  C;  What  happens  when  the  pressure  from  below  pushes  the  mass 

of  hot  rock  against  the  opening? 

25.  T:  Good  for  you!  Good  job. 

Day  11: 

TEXT :  One  of  the  most  interesting  of  the  insect-eating  plants  is  the  Venus’s  flytrap.  This  plant  lives  in  only  one  small 
area  of  the  world— the  coastal  marshes  of  North  and  South  Carolina.  The  Venus's  flytrap  doesn't  look  unusual.  Its 
habits,  however,  make  it  truly  a  plant  wonder. 

26.  C:  What  is  the  most  interesting  of  the  insect  eating  plants,  and 

where  do  the  plants  live  at? 

27.  T;  Two  excellent  questions!  They  are  both  clear  and  impoitant 

questions.  Ask  us  one  at  a  time  now. 

Day  15: 

TEXT:  Scientitts  also  come  to  the  South  Pole  to  study  the  strange  lights  that  glow  oveihead  during  the  Anuictic  night. 
(It's  a  cold  and  lonely  world  for  the  few  haidy  people  who  "winter  over"  the  polar  night.)  These  "southern  lights"  are 
caused  by  the  Earth  acting  like  a  magnet  on  electrical  paiticlef  in  the  air.  They  are  clues  that  may  help  us  understand 
the  Earth's  core  and  the  upper  edges  of  its  blanket  of  air. 

28.  C:  Why  do  scientists  come  to  the  south  pole  to  study? 

29.  T:  Excellent  question!  That  is  wfaat  diis  paragraph  is  aD  about. 


recognize  that  reading  requires  constructive  activities  such  as  foniuilating  questioas  and  making  summaries  and 
inedicdons,  as  well  as  evaluative  ones  such  as  analyzing  and  clanfyitig  die  points  of  dilficult>’  in  the  text. 
Moreover,  canyrng  out  these  acdvines  by  repeatedly  reviewing  the  text  helps  students  realize  that  reading  for 
understanding  is  often  more  than  a  one-pass  operation;  it  provides  them  with  a  more  realistic  eiqiectation  about  what 
will  be  required  of  them  as  they  go  on  to  read  increasingly  difficult  texts. 

Second,  these  activities  involve  the  student  in  using  the  reading  strategies  and  metacognitive  skills  necessary 
for  expert  reading.  In  parncnlar; 

1.  Formulating  questions  is  an  important  strategic  activity  for  understanding  difficult  texts  (Collins. 
Brown,  and  Larkin,  1980)  because  it  provides  the  basis  for  checking  if  the  text  makes  sense  (self- 
monitofing).  As  we  can  see  in  Table  1,  formulating  questions  that  capture  the  main  ideas  of  the  text 
sometimes  leads  to  questions  that  the  text  raises  but  does  not  answer,  as  the  basis  for  further  inquiry. 

2.  Summarizing,  like  fomuilating  questions,  provides  a  general  test  of  compreheosioo  and  so  forms  the 
basis  for  comprehension  monitoring,  it  is  a  prelimmary  pha.se  of  self-diagnosis.  Students  learn  that  if 
they  cannot  form  a  good  summary,  then  they  do  not  understand  the  text  and  had  bener  either  reread  the 
text  or  try  to  clarify  their  difficulties  (Collins  and  Smith.  1982). 

3.  Clarification  is  a  key  activity  in  comprehension  monitoring  that  involves  detailed  self-diagnosis,  in 
which  students  attempts  to  isolate  and  formulate  their  particular  difficulties  in  understanding  a  text. 

While  summariziiig  is  a  fairly  global  test  of  comprehension,  usually  applied  at  the  paragraph  level, 
clarification  attempts  to  narrow  points  of  difficulty  by  focussing  on  word  and  phrase  levels  of 
meaning.  Skill  at  clarifying  difficulties  provides  students  with  the  basis  for  using  evidence  from 
subsequem  text  to  disambiguate  the  meaning  of  problematic  words  or  phrases,  a  key  straregy 
employed  by  expen  readers. 

4.  Prediction  involves  formulating  guesses  or  hypotheses  about  what  the  author  of  a  text  is  likely  to  say 
next,  and  as  such,  promotes  an  overdl  reading  strategy  of  hypothesis  formabon  aixl  testing.  The 
inclusion  of  predidboo  as  an  explicit  strategic  activity  for  beginning  readers  reflects  the  fact  that 
skilled  reading  involves  developing  expectations  and  evaluating  them  as  evidence  accumulates  from 
the  text  (Collins  and  Smith.  1982). 

The  ttnid  factor  we  dunk  is  critical  for  the  success  of  Reciprocal  Teaching  is  that  the  teacher  models  expen 
strategies  in  a  problem  context  shared  directly  and  immediately  with  the  studems  (Brown  &  Palincsar.  in  press). 
This  organizabon  of  teacher-learner  interacbon  encourages  snideitts  first  to  focus  their  observabons  and  then  to 
reflect  on  their  own  perfoimance  relabve  to  that  of  the  teacher  during  subsequem  modellmg.  Here's  how  it  works 
both  teacher  and  studems  read  a  paragrapfa.  The  teacher  then  performs  the  four  acbvibes;  she  arbculaies  the 
quesboos  she  would  ask  about  the  paragraph,  snmmanzes  h.  makes  predicboos  about  what  would  be  next,  and 


explains  wtial  pan  of  the  paragraph  gave  her  difficulty.  She  may  try  to  explain  why  she  generated  a  panicular 
queslioo  or  made  a  particular  prediction.  What  is  cnjdal  here  is  that  the  students  listen  in  the  context  of  knowing 
that  they  win  aoon  undenake  the  same  task,  using  that  expectatioo  to  focus  their  observations  on  how  those 
activities  are  related  to  the  paragr^h.  After  they  have  tiied  to  do  it  themselves,  and  peihaps  had  difficulties,  they 
listen  to  the  teacher  with  new  knowledge  about  the  task.  As  they  read  subsequem  passages,  they  may  tiy  to  generate 
a  question  or  summary  to  themselves,  noticing  later  what  she  does  difEerently.  That  is.  they  can  compare  their  own 
questiao  or  summaries  with  the  questions  or  summaries  she  generates.  They  can  then  reflect  on  any  differences, 
trying  to  understand  what  led  to  those  differences.  We  have  aigued  elsewhere  that  this  kind  of  reflection  is  critical 
to  learning  (Collins  &  Brown,  in  press). 

Fbuith,  the  technique  of  providing  scaffolding  is  a  crucial  factor  in  the  succoess  of  Reciprocal  Teaching  for 
several  reasons.  Most  importamly,  it  decomposes  the  task  as  necessary  for  the  students  to  cany  it  out.  thereby 
helping  them  to  see  how,  in  detail,  to  go  about  the  task.  For  example,  in  formulating  queshoos,  the  teacher  might 
first  want  to  see  if  the  student  can  generate  a  question  on  his  or  her  own:  if  not.  she  might  suggest  starting  a  question 
with  "Why"  or  "How."  If  the  studetM  still  can't  generate  a  question,  she  might  suggest  formulating  a  simple  "Why" 
question  about  the  agent  in  the  story.  If  that  fails,  she  might  gerterate  one  herself  and  ask  the  student  to  reformulate 
it  in  his  or  her  own  words.  In  this  way,  it  gets  students  staned  in  the  new  skills,  giving  them  a  "feel"  for  the  ^lls 
and  helping  them  develop  confidence  that  they  can  do  them.  Scaffolding  is  designed  to  help  students  when  they  are 
at  an  impasse  (Brown  and  VanLehn.  1980).  With  successftil  scaffolding  techniques,  students  get  as  much  suppoit  as 
they  need  to  carry  out  the  task,  but  no  more.  Hints  and  modelling  are  then  gradually  faded  out,  with  students  taking 
on  more  and  more  of  the  task  as  they  become  more  sldlliiil.  These  techniques  of  scaffolding  and  fading  slowly  build 
students'  confidence  that  they  can  master  the  skills  required. 

The  final  aspect  of  Reciprocal  Teaching  that  we  think  is  critical  is  having  students  assume  the  dual  roles  of 
producer  and  critic.  That  is,  they  must  not  only  be  able  to  produce  good  questioos  and  summaries,  but  they  tdso 
learn  to  evaluate  the  summaries  or  questions  of  others.  By  becoming  critics  as  well  as  producers,  students  are  forced 
to  articulate  their  knowledge  about  what  makes  a  good  question,  prediciian.  or  summary.  This  knowled^  then 
becomes  more  readily  available  ft>r  application  to  then  own  summaries  and  questions,  thus  improving  a  crucial 
aepea.  of  their  metacognitive  skiOs.  Moreover,  once  articulated,  this  knowledge  can  no  longer  simply  reside  in  tach 
form.  It  becomes  more  avail:d>le  for  performing  a  variety  of  tasks:  that  is.  it  is  freed  from  its  contextual  binding,  so 
that  it  can  be  need  in  many  different  contexts. 


ScardaouKa  &  Bcreiter's  Procedural  FadUtatkn  at  Writing.  ScaidamaHa  and  Bereiter  (1985: 
Scaidamalia,  Beieher,  &  Steinbaefa.  1984)  have  developed  an  ^q^noach  to  the  teaching  of  writing  that  relies  on 
deoMaits  of  cognitive  appimticeship.  Based  on  contrasting  models  of  novice  and  expert  writing  strategies,  the 
approach  provides  explicit  procedural  suf^torts,  in  the  form  of  prompts,  that  am  aimed  at  helping  students  adopt 
mote  sophisticated  writing  strategies.  Like  other  exemplars  of  ct^nihve  apprenticeship,  their  ^iproach  is  designed 
to  give  students  a  grasp  of  the  complex  activities  involved  in  expertise  h>'  explicit  modelling  of  expert  processes, 
gradually  reduced  support  or  scaffolding  for  stndetas  attempting  to  engage  in  the  process,  and  opportunities  for 
leflectioa  on  their  own  arxl  others'  efforts. 

According  to  Bereiter  and  Scatdamalia's  (in  press)  analysis  of  expen-novice  differences,  children  who  are 
novices  in  writing  use  a  "knowledge-telling"  strategy.  When  given  a  topic  to  write  on,  they  immediately  produce 
text  by  writing  the  first  idea  they  thinlr  of,  then  the  next  idea,  attd  so  on.  until  they  run  out  of  ideas,  at  which  poitM 
they  ate  done.  This  is  a  very  simple  control  strategy  that  finesses  most  of  the  difficulties  in  composing.  In  contrast, 
experts  spend  time  not  only  writing,  but  also  ui  planning  what  they  are  going  to  write  and  revising  what  they  have 
written  (Hayes  and  Flower.  1980).  As  a  result,  they  engage  in  a  process  that  ScardamaLa  and  Bereiter  call 
"knowledge  transforming,"  which  incorporates  the  linear  generation  of  text,  but  is  organized  around  a  more  complex 
structure  of  goal  setting  and  problem  solving.  Scardamalia  and  Bereiter  (1985)  argue  that  for  experts  writing  is  a 
"compositional"  task  in  which  goals  are  emergeru.  i.e.,  "your  kixrwledge  of  what  you  are  after  grows  aixi  changes  as 
part  of  the  process."  Emergern  goals  are  products  of  the  fact  that  "there  is  a  wealth  of  potentially  ^rplicable 
knowledge  and  potential  routes  to  the  goals." 

In  order  to  encourage  students  to  adopt  a  more  sophisticated  writing  strategy  .  Scardamalia.  Bereiter  and 
colleagues  have  developed  a  detailed  cognitive  analysis  of  the  activities  of  expert  writers.  This  analysis  provides  the 
basis  for  a  set  of  prompts  diat  they  call  procedural  facilitation,  designed  to  reduce  students'  information-processing 
burden  in  trying  to  cany  out  complex  tasks  by  allowing  them  to  select  from  a  limited  raimbeT  of  diagnostic 
statemems.  For  example,  in  their  analysis,  planning  is  bre^en  down  into  five  general  processes  or  goals.  ( 1 ) 
generating  a  new  idea,  (2)  improving  an  idea,  3)  elaborating  an  idea.  (4)  identifying  goals,  and  (5)  putting  ideas  iiuo 
a  cohesive  whole.  For  each  process,  they  have  developed  a  number  of  specific  prompts,  designed  to  aid  students  in 
their  planmng,  as  diown  in  Table  2.  These  prompts,  which  are  akm  to  the  suggestions  made  by  the  teacher  in 
Reciprocal  Teaching,  serve  to  simplify  the  complex  process  of  elaborating  and  reconsidering  one's  plans  by 
nggesting  specific  lines  of  thinking  for  students  to  follow.  A  comparable  andysis  and  set  of  prompts  has  been 
developed  for  the  revision  process  as  well  (.Scardamalia  &.  Bereiter.  i983b.  1985). 
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TABLE! 


banning  Cues  for  Opiai<Hi  Essays 
(From  Scaidamalia  et  aL,  1984) 

SEW  IDEA 

Ad  even  beoer  idea  is... 

An  impoitant  point  I  haven't  considered  yet  is... 

A  better  argument  would  be... 

A  different  aq)ect  would  be... 

A  whole  new  way  to  think  of  this  topic  is... 

No  one  will  have  thought  of... 

IMPROVE 

I’m  not  being  very  dear  about  what  I  just  said  so... 

I  could  make  my  main  point  dearer... 

A  criticism  I  should  de^  with  in  my  paper  is... 

I  really  think  this  isn't  necessary  because... 

I’m  getting  off  the  topic  so... 

This  isn't  very  convincing  because... 

But  many  readers  won't  agree  that... 

To  liven  this  up  I'll... 

ELABORATE 

An  example  of  this... 

This  is  true,  but  it's  not  sufficient  so... 

My  own  feelings  about  this  are... 

I'll  change  this  a  tittle  by... 

The  reason  I  think  so... 

Another  reason  that's  good... 

1  could  develop  this  idea  by  adding... 

Another  way  to  put  it  would  be... 

A  good  point  on  the  other  side  of  the  argument  is... 

GOALS 

A  goal  I  think  I  could  write  to... 

My  purpose... 

PUTTING  IT  TOGETHER 

If  I  want  to  start  off  with  my  strongest  idea  I'll... 

1  can  tie  this  together  by... 

My  main  point  is... 


Scaidamalia  md  Beieher's  leading  method.  like  Reciprocal  Teaching,  proceeds  through  a  combination  of 
modelling,  marhing  scaffolding,  and  fading.  First  the  teacher  models  how  to  use  the  prompts,  which  are  written  on 
cue  cards,  in  geneiating  ideas  aboot  a  topic  she  is  going  to  write  on.  Table  3  illustrates  the  kind  of  modelling  done 
by  a  teacher  during  an  eariy  phase  of  instnictioa  Then  the  students  each  tiy  to  plan  an  essay  on  a  new  topic  using 
the  cue  cards,  a  process  the  students  call  "soloing".  As  in  Reciprocal  Teaching,  students  have  the  opportunity  to 
assume  both  producer  and  critic  roles.  While  each  studem  practices  soloing,  the  teacher,  as  well  as  other  students, 
assume  the  role  of  evaluating  the  soloist's  performance,  by.  for  example,  noticing  discrepancies  between  the 
stdoist’s  stated  goals  (e.g.,  to  get  readers  to  appreciate  the  difficulties  of  modem  dance)  and  their  proposed  plans  (to 
describe  difGeiertt  kinds  of  dance).  Students  also  become  involved  in  discussing  how  to  resolve  proUems  that  the 
soloist  could  not  solve.  As  in  the  Reciprocal  Teaching  method,  assumption  of  the  rede  either  of  critic  or  producer  is 
incremental,  with  studems  taking  over  more  and  mote  of  the  monitoring  and  problem-solving  process  riom  the 
teacher,  as  their  skills  improve.  Moreover,  as  the  students  internalize  the  processes  invoked  by  the  prompts,  the  cue 
cards  are  gradually  faded  out  as  well. 

In  addition,  they  have  developed  speci&c  techniques,  called  coinvestigation  (Scardamalia  &  Bereiter,  1983a), 
aimed  at  encouraging  students  to  reflect  on  both  their  existing  strategies  and  the  new  ones  they  are  acquiring.  In 
coinvestigation.  Scardamalia  and  Bereiter  try  to  have  snidents  think  aloud  as  they  carry  out  some  task,  such  as 
writing  a  paragraph  linking  two  sentences  together.  They  propose  to  the  students  that  together  they  will  jointly  try 
to  find  out  what  the  students  are  thinking  when  they  carry  out  such  a  task.  This  motivates  the  students  to  consider 
their  reflections  as  dau  from  an  etqieriment  to  find  out  what  they  think.  When  students  have  learned  how  to  reflect 
on  their  own  thinking.  Scardamalia  and  Bereher  can  posh  them  imo  reflectmg  on  the  way  experts  do  die  same  task. 
One  way  they  do  this  is  to  provide  the  procedural  supports  shown  in  Table  2.  so  that  children  can  cany  out  wniuig 
tasks  in  more  expert  ways.  Then  they  can  reflea  on  how  their  rxnmal  writing  methods  differ  from  these  more  expen 
methods.  The  scaffolding  provided  by  the  cue  cards  thus  enables  stodenu  to  compare  two  differem  writmg 
processes. 

Scardamalia  and  Bereiter  have  tested  the  effects  of  their  approach  on  both  the  initial  planning  and  the  revision 
of  studem  compositions.  In  a  series  of  studies  (Bereiter  Si  Scardamalia.  in  press),  procedural  facilitations  were 
developed  to  help  elementary  school  students  evaluate,  diagnose,  and  decide  on  tevisioiB  for  their  compositions. 
Results  showed  that  each  type  oi  suppon  was  effective  independent  of  the  other  supports.  And  when  all  the 
fulitatioos  were  combined,  along  with  modelling  and  coinvestigahon.  they  resulted  in  sirperior  reviskais  for  nearly 
every  inideot  and  a  ten-fold  increase  in  the  frequeiKy  of  idea-level  revisioDS,  without  any  decrease  in  stylistic 


ASSIGNMENT 


Wnte  an  essay  on  the  topic.  'Today 's  Rock  Stars  are  More  Talented  Than  Musicians  of  Long  Ago.  " 

THINKING-ALOUD  EXCERPT 


I  don't  know  a  diing  about  modem  rock  stars.  I  can't  think  of  the  name  of  even  one  rock  star.  How  about.  David 
Bowie  or  Mick  Jagger . .  .  But  many  readers  won't  agree  that  they  are  modem  rock  stars.  I  thiidc  they're  both  as  old 
as  1  am.  Let's  see,  my  own  feelings  about  this  are  . . .  that  I  doubt  if  today's  rock  stars  are  more  talented  than  ever. 
Anyhow,  how  would  I  know?  1  can't  argue  this  . .  .  I  need  a  new  idea  .  .  .  An  important  point  I  haven't  considered 
yet  is ...  ah .. .  well . . .  what  do  we  mean  by  talent?  Am  1  talking  about  musical  talent  or  ability  to  entertain— to  do 
acrobatics?  Hey,  I  may  have  a  way  into  this  topic.  I  could  develop  this  idea  by  . . 


Note:  Underlined  phra.ses  represent  selection  from  planmng  cues  similar  to  those  shown  in  Table  2. 


levisioos.  Anotfacrsaidy  (Scaidamalia.et  al..  19M)  investigaied  the  use  of  prooedmal  cues  to  Volitate  planning.  In 
Itas  smdy,  students  gave  the  teacher  assignments,  often  chosen  to  he  difficult  for  her.  She  used  cues  like  those 
shown  in  Table  2  to  ^cihlale  plaiBmg.  modelling  the  process  of  using  ihe  cues  to  stiniulate  her  thmlfing  about  the 
assignment  (Table  3).  Pie-  and  post-comparisioas  of  thmk-aloud  protocols  of  a  randomly  seleoed  portion  of  the 
subjects  showed  significantly  more  leflecuve  activity  on  the  part  of  expenmental-group  students  even  when  prompu 
wen  no  longer  available  to  them.  Time  spem  in  planrung  increased  ten  fold.  And  when  students  wen  given 
unrestricted  time  to  plan,  the  texts  of  expeiimental-groi^  students  wen  judged  to  be  significattly  snpenor  in 
thought  contenL 

Obviously,  Scardamaha  and  Beniter's  methods  for  teaching  writing  are  bringmg  about  significant  changes  in 
the  natun  and  quality  of  studetH  writing.  In  addition  to  the  methods  and  effects  alnady  discussed,  we  believe  that 
then  an  two  key  reasons  foi  their  success.  Rist  of  ail,  as  in  the  Reciprocal  Teaching  method  for  nading.  their 
methods  help  students  build  a  new  conception  of  what  the  writing  process  is.  Students  clearly  consider  writing  to  be 
a  linear  process  of  know  ledge  telling  By  explicitly  modelling  and  scaffolding  expert  processes,  they  are  proMdmg 
students  with  a  new  model  of  writing  that  involves  planning  before  they  write  and  nvising  what  they  have  wniten. 
Most  children  found  the  view  of  writing  implicit  in  this  analysis  to  be  an  entirely  new  view  of  the  writing  process,  as 
shown  in  their  comments  during  coinvestigation  (“I  don’t  usually  ask  myself  those  questions."  "I  never  thought 
closely  about  what  I  wrote,"  and  "They  helped  me  look  over  the  sentence,  which  I  don’t  usually  do.")  Moreover, 
since  students  rarely  if  ever  see  writers  at  work,  they  tend  to  hold  naive  beliefs  about  the  nature  of  expert  wnting. 
thinking  that  writing  is  a  smooth  and  easy  process  for  "good"  writers.  Live  modeUing  helps  to  convey  that  this  is 
not  the  case.  The  model  demonstrates  struggles,  false  stans.  discouragement,  and  the  like.  Modelling  also 
demonstrates  for  students  that  in  evolving  and  decomposing  a  complex  set  of  goals  for  their  wnhng.  expert  writers 
often  treat  their  own  thoughts  as  objects  of  reflectioo  and  inquiry.  These  sorts  of  reflective  operations  underlie  the 
fact  that  writing  is  not  a  linear,  but  an  iterative,  process  —  another  new  idea  for  students.  Thus,  a  key  effect  of  this 
son  of  teaching  is  to  radically  alter  students'  understanding  of  the  process. 

Second,  becauK  writing  is  a  complex  compositional  task,  a  key  component  of  expertise  is  the  control 
structure  by  which  the  writer  organizes  the  numerous  subactivities  or  lines  of  thinking  involved  in  producing  high 
quality  text.  A  dear  need  of  student  writers,  therefore,  is  to  develop  a  more  useful  cmiuol  stractuie  and  lelated 
processes  than  the  ones  evidenced  m  "knowledge  telling".  Their  methods  encourage  this  development  m  an 
imeiesting  way:  The  cue  cards  aa  to  externalize  ixx  only  the  basic  cognitive  processes  involved  in  planning,  but 
also  help  students  to  keep  track  of  the  higher-oider  mtemioos  (such  as  geoeranng  an  idea,  elaborating  or  improving 


an  idea,  and  so  on)  that  organize  these  basic  processes.  This  extemalization  aids  students  in  momtoring  their  own 
(and  others')  ongoing  progress  in  the  writing  task,  so  that  they  can  determine  what  kind  of  general  acuvity  is 
leqiiiied  before  moving  on  to  qjecific  prompts.  This  explicit  hierarchical  decomposition  of  general  goals  and 
process  into  mote  locally  useful  subprocesses  aids  students  in  building  an  explicit  iieemal  model  of  what  might 
otherwise  seem  a  conhising  or  random  process. 

SchocnfeM's  Method  for  Teaching  Mathematical  Probtem  Solving.  Our  third  example  is  Scfaoenfeld's 
(19S3,  198S)  method  for  teaching  mathematical  problem  solving  to  college  students.  Like  the  other  two.  this 
method  is  based  on  a  new  analysis  of  the  knowledge  and  processes  required  for  expertise,  wheie  expertise  is 
understood  as  the  ability  to  cany  out  complex  problem-solving  tasks  in  a  domain.  And  like  the  other  two.  this 
method  incorporates  the  bask  elements  of  a  cognitive  apprenticeshq>,  using  the  methods  of  modelling,  coaching, 
aixl  fading  and  of  encouraging  student  reflection  on  their  own  problem-solving  processes.  In  addition.  Schocnfeld's 
work  introduces  some  new  concerns  into  our  discussion,  leading  the  way  toward  articulation  of  a  more  general 
framework  for  the  development  and  evaluation  of  ideal  learning  environments  in  the  next  section. 

One  distinaion  between  novices  and  expens  in  mathematics  is  that  experts  employ  heuristic  methods,  usually 
acquired  tacitly  through  long  experience,  to  facilitate  their  problem  solving.  In  order  to  teach  these  methods 
directly.  Schoenfeld  formulated  a  set  of  heuristic  strategies,  derived  frxmi  the  problem-solving  heuristics  of  Polya 
(1945).  These  heunstic  strategies  consist  of  rules  of  thumb  for  bow  to  approach  a  given  problem.  One  such 
heuristic  specifles  how  to  disunguisb  special  cases  in  solving  math  problems:  for  example,  for  series  problems  in 
which  there  is  an  integer  parameter  in  the  problem  statemeiK.  one  should  try  the  cases  n  =  1 ,  2.  3.  4  and  try  to  make 
an  mduction  on  those  cases:  for  geometry  problems,  one  should  frrst  examiiK  cases  with  minimal  complexity,  such 
as  regular  polygons  and  right  triangles.  Schoenfeld  taught  a  number  of  these  beuristks  and  bow  to  apply  them  in 
different  kinds  of  math  problems.  In  the  experiments  be  ran.  Schoenfeld  (1985 )  found  that  leanung  these  strategies 
signifrcaatly  increased  students'  problem-solving  abilities. 

But  as  he  studied  students'  problem  solving  further,  he  became  aware  of  other  cntical  faaois  affecting  their 
skiO,  in  particular  what  he  calls  control  strategies  and  belief  systems.  In  Schoenfeld's  analysis,  control  suategies  are 
concerned  with  executive  dedsions.  such  as  gerrerating  alternative  courses  of  action,  evaluating  whicfa  will  get  you 
closer  to  a  solution,  evaluating  whicfa  you  are  most  likely  to  be  able  to  carry  out,  considering  what  heuristics  might 
apply,  evaluating  whether  you  are  making  progress  toward  a  sointion.  and  so  on.  Scfaoenfeld's  notion  of  belief 


systems  includes  beliefs  about  oneself  (e.g.,  malfa  phobia),  about  the  worid  (e.g..  ''physical  phenomena  have  physic^ 
causes,  not  psyduc  causes")  and  about  the  domain  (e.g.,  "mathematica)  proof  is  of  no  use  in  geometiy  construction 
problems").  Scfaoenfeld  found  that  it  was  critical  to  leach  control  strategies  and  productive  beliefs,  as  well  as 
heuristics. 

As  with  the  previous  two  exami^,  eiqslicit  teaching  of  these  elements  of  expert  practice  yields  a 
fundamentally  new  understanding  of  mathematics  for  students.  Previously  to  students,  learning  mathematics  had 
ineam  learning  a  set  of  mathematical  operations  and  methods,  what  Scfaoenfeld  calls  "lesources."  Schoenfeld's 
method  is  teaching  students  that  doing  mathematics  consists  not  only  in  applying  problem-solving  procedures,  but  in 
reasoning  about  and  managing  problems  using  heuristics,  control  strategies,  and  beliefs. 

Schoenfeld’s  teaching  (1983, 1985)  employs  the  elements  of  modelling,  coaching,  scaffolding,  and  fading  in  a 
variety  of  activities  designed  to  highlight  different  aspects  of  the  cognitive  processes  and  knowledge  structures 
requited  for  expertise.  For  example,  as  a  way  of  introducing  new  heuristics,  he  models  their  selection  and  use  in 
solving  problems  for  which  they  are  particularly  relevant.  In  this  way.  he  exhibits  the  thinking  processes  (heuristics 
and  control  strategies)  that  go  on  in  expert  problem  srdving.  but  focuses  student  observation  on  the  use  and 
matukgemern  of  specific  heuristics.  Table  4  provides  a  protocol  from  one  such  modelling. 

Next  he  gives  the  class  problems  to  solve  that  lend  themselves  to  the  use  of  the  heuristics  he  has  introduced. 
During  this  collective  problem  solving,  he  acts  as  a  moderator,  soliciting  heuristics  and  solution  techniques  from  the 
students,  while  modelling  the  various  control  strategies  for  making  judgments  about  how  best  to  proceed.  This 
division  of  labor  has  several  effeas.  First,  he  turns  over  some  of  the  problem-solving  process  to  students  by  having 
them  generate  alternative  courses  of  action,  but  provides  major  support  or  scaffolding  by  managing  the  decisions 
about  which  course  to  pursue,  when  to  change  course,  etc.  Second,  it  is  significant  that  be  is  no  longer  modelling 
the  entire  expert  problem-solving  process,  but  a  portion  of  it  In  tbis  way,  be  shifts  tbe  focus  of  studem  observation 
during  modelling  from  the  apirficadon  or  use  of  specific  heuristics  to  the  application  or  uae  of  control  strategies  in 
managing  those  heuristics. 

like  Scacdamalia  and  fiereiler,  Schoenfeld  employs  a  third  kind  of  modellmg  that  is  designed  to  change 
students'  assumptions  about  the  nature  of  expert  problem-solving.  He  challenges  students  to  find  difficult  problems, 
and  at  the  beginning  of  each  class  offers  to  try  to  solve  one  of  ih<»ir  problems.  Occasionally  the  problems  are  hard 
enough  that  the  smdents  see  turn  flounder  m  the  face  of  real  difficulties.  During  these  sessions,  he  models  for 


TABLE  4 


All  Fuamplf  nf  Fipiil  Mnrtflling  m  Mathemati^c  <frnm  Srfiwnfeld.  1983) 

Problem 

Let  P(x)  and  Q(x)  be  two  polynominals  with  "revened"  coefficients: 

... +  a2*^a,x  +  aQ, 

Q(x)  =  OqI^  +  a  -*■ 

wbere  *  0  *  a^.  What  is  the  relationship  between  the  roou  of  P(x)  and  those  of  ^.t)?  Prove  your  answer. 

Expert  Model 

What  do  you  do  when  you  face  a  problem  like  this?  I  have  no  general  procedure  for  finding  the  roots  of  a 
polynomial,  much  less  for  comparing  the  roots  of  two  of  them.  Probably  the  best  thing  to  do  for  the  time  being  is  to 
look  at  some  simple  examples,  and  hepe  I  can  develop  some  intuition  from  them.  Instead  of  looking  at  a  pair  of 
arbitrary  polynomials,  maybe  I  should  look  at  a  pair  of  quadratics:  at  least  I  can  solve  those.  So.  what  happens  if 
PU)  =  fljc*  +  hjt  +  c,  and 

Qix)  =  cjr  *  bx  a? 

The  roots  are 

-fc  ±\f)*  -  4<jc  -f>  ±()Vfo- -  4<7c 
- — -  and  - ,  respectively. 

That's  certainly  suggesuve,  since  they  have  the  same  numerator,  but  I  don't  really  see  anything  that  I  can  push 
ortfaatH  generalize.  I'll  give  this  a  minute  or  two,  but  I  may  have  to  try  something  else... 

WelL  just  for  the  record,  let  me  look  at  the  linear  case.  If  P(x)=ax-f  hand  &U)  -  ha-f  a,  the  roots  are  -b/a 
and  -a/b  respectively. 

They're  reciprocals,  but  that's  ixM  too  interesting  in  itself.  Lei  me  go  back  to  quadratics-  1  still  don't  have 
much  of  a  feel  for  what's  going  on.  m  do  a  couple  of  easy  examples,  and  look  for  some  son  of  a  pattern.  'The 
clever  dang  to  do  may  be  to  pick  polynomials  I  can  factor:  that  way  it'll  be  easy  to  keep  track  of  the  rocts.  All  nght. 
how  about  something  easy  like  (x-f  2)Cr-f  3)7 


Then  P(x)  =  jr  +  Sx-f  6,  witfi  roots  -2  and  -3.  So, 


I 


C{-r)*6*^  +  5x-f  1  *(2r -4-1  X3x+  1),  with  roots -1^  and -1/3. 
Those  are  recqnocals  too.  Now  that's  interesting.  How  about 
Pix)  ~  (3x  +  5X2x  -  7)  =  6xr  -  1  lx  -35?  Its  roots  are  —5/3  and  7/2; 


Cv 


% 


C(x)  =  -35x^  -  1  lx  -f  6  =  -{35.»r  +  1  lx—  6)  =  -<7x  -  2X5x  +  3). 

All  ri^,  the  roots  are  2/7  and  -3^.  They’re  reciprocals  again,  and  this  tunc  it  can't  be  an  accident.  Better 
yet,  look  at  the  factors;  're  re  versed!  What  about 
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P(x)  =  (ar  +  bjCcx  +  </)  =  ac^-^{bc  +  ad)x  +  bdl  Then 
Q(x)  =  bdx‘  +  (ad  +  bc).x  +  ac  =  (bx  +  a)(dx  +  c). 

Aha!  It  works  again,  and  I  think  this  will  generalize... 

At  this  point  there  are  two  ways  to  go.  I  hypothesize  that  the  roots  of  P(x)  are  the  reciprocals  of  the  roots  of 
Q(x),  in  general.  (If  I’m  not  yet  sure.  I  should  try  a  factorable  cubic  or  two.)  Now  I  can  try  to  generaltze  the 
argument  above,  but  it’s  not  all  that  straightforward:  not  every  polynomial  can  be  factored,  aixl  keepmg  tract  of  the 
coefficients  may  not  be  that  easy.  It  may  be  worth  stopping,  re-pihrasing  my  conjecture,  and  iryine  u  from  scratch: 


V, 

f'; 


Let  /’(X)  and  Qix)  be  two  polynomials  with  reversed"  coefficients  Prose  that  the  mots  of  Pt  vi  and  (?'  x  i  are 
reciprocals. 


f 


All  right,  let's  take  a  look  at  what  the  problem  asks  for.  What  does  it  mean  for  some  number,  say  r.  to  he  a 
root  of  P(x)?  It  means  that  P(r)  =  0.  Now  the  conjecture  says  that  the  reciprocal  of  r  is  supposed  to  be  a  root  to 
Qix).  That  says  that  ^l/r)s  0.  Strange.  Let  me  go  hack  to  the  cpradrahc  case,  and  see  what  happens 

Let  P(x)*  ox^  +  *x -f  c,  and  C(x) *  cx^ 4u u.  If  r  is  a  root  of  P(x),  then  P{r)*ar^  -»•  Ire  +  r  =  0  Now  what 
does  Q(  1/r)  look  like'' 

Qil/r)  =  c{\/r]r biUn  a  =  0 

r-  r~ 

So  it  works,  rod  this  argument  will  generalize.  Now  1  can  write  i^  a  proof. 


Let  r  be  a  nxjl  of  P(jr).  so  that  P{r)  =  0.  Observe  that  /*  ^  0.  since  ^  0.  Fimher. 
C?(l/r)  =  ao(l/r)"  +  a,(l/r)"-'  a„_,(l/r)-*-  a„  *  (l/r"X<ao+ a,r+  +  ...  -►  +  ■+  a,r^)=(l/r^) 

dial  ( 1/r)  is  a  TO«  of  Q(.t). 

Conversely,  if  5  is  a  root  of  Q(.x ),  we  see  that  P(  1/S)  =  0.  QiX). 

All  right,  now  it's  time  for  a  post-monem  Observe  that  the  proof,  like  a  classical  maihematical  argument,  is 
quite  terse  and  presents  the  results  of  a  thought  process.  But  where  did  the  inspiration  for  the  proof  come  from'!*  If 
you  go  back  over  the  way  that  the  argument  evolved,  you’ll  see  there  were  two  major  breakthroughs 


The  first  had  to  do  with  understanding  the  problem,  with  getting  a  feel  for  it.  The  problem  statement,  in  its 
full  generality,  offered  little  in  the  way  of  assistance.  'VV’hat  we  did  was  to  examine  special  cases  in  order  to  look  for 
a  pattern.  More  specificallj  .  our  first  attempt  at  special  cases  --  lookmg  at  the  quadratic  formula  -  didn't  provide 
much  insight.  We  had  to  get  even  more  specific,  as  follows;  Look  at  a  senes  of  straightforward  examples  that  are 
easy  to  calculate,  in  order  to  see  if  some  sort  of  pattern  emerges.  With  luck,  you  might  be  able  to  generalize  the 


pattern.  In  this  case  we  were  looking  for  roots  of  polynomials,  so  we  chose  easily  factorable  ones  Obviously, 
different  circumstances  will  lead  to  different  choices.  But  that  strategy  allowed  us  to  make  a  conjecture 


The  second  breakthrough  came  after  we  made  the  conjecture.  Although  we  had  some  idea  of  why  it  ought  to 
be  true,  the  argument  looked  messy  and  we  stopped  to  reconsider  for  a  while.  What  we  (tad  at  that  point  is 
important,  and  often  overlooked:  ^‘_wcrit  back  to  the  conditions  of  the  problem,  explored  them  and_U>okod_for 
tangible  connections  between  then  and  the  results  we  wanted.  Questions  like  'what  does  it  mean  for  r  to  be  a  root  ot 


students  not  only  the  use  of  heuristics  and  control  strategies,  but  the  fact  that  one's  strategies  sometinies  faiL  In 
contrast,  textbook  solutions  and  classroom  demonstrations  generally  illustrate  only  the  successful  solution  path,  not 
the  seardi  space  which  contains  all  of  the  dead-end  attempts.  Such  stHulions  reveal  netther  the  exploration  one  must 
do  in  searching  for  a  good  method  nor  the  necessary  evaluation  of  the  exploration.  Seeing  how  experts  deal  with 
problems  that  are  difficult  for  them  is  critical  to  students’  developing  a  belief  in  their  own  capabilities.  Even  experts 
stumble,  flounder,  and  abandon  their  search  for  a  solution  until  another  time.  Witnessing  these  struggles  helps 
students  realize  that  thrashing  is  neither  unique  to  them  nor  a  sign  of  incompetence. 

In  addition  to  class  demonstrations  and  collective  problem  solving.  Schoenfeld  has  students  pamcipate  in 
small-group  problem-solving  sessions.  During  these  sessions,  Schoenfeld  acts  as  a  "consultant "  to  make  sure  that 
the  groups  are  proceeding  in  a  reasonable  fashion.  Typically  he  asks  three  questions;  (1)  what  are  they  doing.  {2i 
why  are  they  doing  it,  and  (3)  how  success  in  what  they  are  doing  will  help  them  find  a  solution  to  the  problem. 
Asking  these  quesnoas  serves  two  puiposes:  first,  it  encourages  the  students  to  reflect  on  their  activities,  thus 
promoting  the  development  of  general  self-momtonng  and  -diagnosis  skills;  second,  it  encourages  them  to  articulate 
the  reasoning  behind  their  choices  as  they  exercise  control  strategies.  Gradually  the  students,  in  anticipaung  his 
questions,  come  to  ask  the  questions  of  themselves,  thus  gaining  control  over  reflective  and  metacognitive  processes 
in  their  problem  solving.  In  these  sessions,  then,  he  is  fading  relative  to  both  helping  students  generate  heuristics 
and,  ultimately,  to  exerdsing  control  over  the  process.  In  this  way  they  gradually  gain  control  over  the  entire 
problem-solving  process. 

Schoenfeld  (1983)  advocates  small-group  problem  solving  for  several  reasons.  First,  it  gives  die  teacher  a 
chance  to  coach  students  while  they  are  engaged  in  semi -independent  problem  solving;  he  cannot  really  coach  them 
effectively  on  homework  problems  or  class  problems.  Second,  the  necessity  for  group  decision  making  in  choosing 
among  alternative  solution  methods  provokes  articulation,  through  discussion  and  argumentation,  of  the  issues 
involved  in  exercising  control  processes.  Such  discussion  encourages  the  developmem  of  the  metacognitive  skills 
involved  in.  for  example,  monitoring  and  evaluating  one's  progress.  Thud,  students  get  httle  qrportunity  in  school 
to  engage  in  collaborative  efforts;  group  problem  solving  gives  them  practice  in  the  kind  of  collaboration  prevalent 
in  real-worid  problem  solving.  Fourth,  students  are  often  uisecure  about  tbeir  abilibes,  e^iecially  if  they  have 
diHiculties  with  the  problems.  Seemg  other  .students  struggle  alleviates  some  of  this  insecurity  as  students  realize 
that  difficulties  in  undeistandmg  are  not  unique  to  them,  thus  contnbuting  to  an  enhancement  of  then  beliefs  about 
artf  lelalive  to  others 


We  believe  that  thete  is  aaotlier  impoitant  reason  that  smaU-gronp  problem  solving  is  useful  for  learning:  the 
diffeientiaoon  and  extemalizatioa  of  the  roles  and  activities  involved  in  solving  complex  problems.  Successful 
proUem  solving  retpiires  tbat  one  assume  at  least  tfaiee  difEeieiit,  though  iiaeirelattd,  roles  at  different  points  in  the 
proUem-solving  process:  that  of  moderator  or  executive,  that  of  generator  of  alternative  paths,  and  that  of  critic  of 
ahematives.  Small-group  problem  solving  differentiates  and  externalizes  these  redes:  different  people  naturally  taln» 
on  different  roles,  and  problem  solving  proceeds  along  these  lines.  Tbus  group  discussion  and  decision  making 
itself  models  the  interplay  among  processes  that  an  individual  must  internalize  to  be  a  successful  problem  solver. 
And  here,  as  in  Rec^ocal  Teaching,  students  may  play  different  roles,  so  that  they  gain  practice  in  all  the  activities 
they  need  to  internalize. 

In  its  use  of  the  technujues  of  modelling,  coaching,  and  fading,  anrf  its  promotion  of  a  new  understanding  of 
the  nature  of  expertise,  Schoenfeld’s  methods  bear  important  similarities  to  our  other  two  "success  models." 
However,  perhaps  because  of  the  requirements  both  of  ihe  domain  and  of  the  stage  of  leam'ng  that  his  students  have 
achieved,  Schoenfeld's  work  introduces  some  new  issues  into  our  discussion  of  pedagogical  methods.  First, 
Schoenfeld  places  a  unique  emphasis  on  the  careful  sequencing  of  problems.  He  has  designed  problem  sequences  to 
achieve  four  pedagogical  goals:  motivatioo,  exemplification,  practice,  and  integnuioa  He  first  tries  to  show 
students  the  power  of  the  heuristics  he  is  teaching  by  giving  them  problems  they  will  fail  to  solve  without  the 
heuristics.  He  then  presents  a  few  heuristics  that  enable  students  to  solve  the  problems.  The  change  in  their  ability 
to  solve  problems  convinces  the  students  tbat  the  heuristics  are  worth  learning 

As  be  introduces  each  new  heuristic,  be  tries  to  exemplify  it  with  problems  rbat  are  particularly  "interesting", 
by  which  he  presumably  means  problems  in  which  the  heuristic  is  especially  effective  in  helping  to  solve  the 
problem.  Over  the  next  week,  he  assigns  extensive  practice  problems  for  which  the  new  heuristic  is  helpful:  he 
estimates  that  perhaps  one-third  of  the  week’s  problems  involve  use  of  the  new  heuristic.  Hnally.  after  the  heuristic 
has  been  introduced  and  practiced,  ptoblems  involving  that  heuristic  continue  to  be  assigned,  but  less  ffequently.  As 
the  course  progresses,  the  problems  involve  use  of  multiple  heuristics,  so  that  ctndennt  ate  leaiming  to  integrate  the 
use  of  differem  heuristics  to  solve  complex  problems. 

By  selection  and  sequencing  of  examples  and  problem  sets,  Schoenfeld  is  trying  to  ensme  that  stndents  will 
learn  when  to  apply  the  heuristics  as  well  as  how  to  apply  them.  Initially,  instruction  focuses  on  how  to  apply  each 
heuiisic;  thiB  the  first  problems  all  involve  the  heinistic.  Wfaai  varies  is  the  problem  cemext:  a  given  problem 
migfal  be  a  series  problem  at  a  geonetry  problem  or  an  algebra  problem,  but  the  same  heuristic  always  applies. 


Once  the  students  know  bow  to  apply  the  heuristic,  they  mu^  learn  to  recognize  those  situations  in  which  the 
heuristic  applies.  Therefore  it  is  impoitant  to  include  problems  for  which  the  heuristic  does  not  apply,  forcing 
students  to  difEerentiate  problenis  for  which  the  heuristic  applies  fom  problems  for  which  it  does  not.  This 
proMem-diffetentiation  ability  is  critical  to  transfer  of  skills.  The  final  phase,  during  which  problems  requiring  the 
heuristic  applies  are  assigned  occasionally,  is  aimed  at  preventing  students  from  learning  to  apply  the  heuristic  only 
to  those  proUems  assigned  while  the  heuristic  is  being  taught  (This  is  typical  of  the  strategies  that  students  derive 
horn  school  courses.)  Unless  the  need  for  the  heuristic  Kcurs.  it  will  (hop  out  of  their  repertoire. 

There  is  one  final  a^a  of  Schoenfeld's  method  that  we  thmk  is  critical  and  that  is  differem  from  the  other 
methods  we  have  discussed:  what  be  calls  "post-mortem"  analysis.  As  with  other  aspects  of  Schoenfeld's  method, 
students  altemate  with  the  teacher  in  produang  post-mortem  analyses.  First,  after  nuxlelling  the  problem-solvmg 
process  for  a  given  problem.  Schoenfeld  recounts  the  soluuon  method,  highlightmg  the  generalizable  features  of  the 
process  (see  Table  4).  For  example,  be  might  note  the  heuristics  that  were  employed,  the  points  in  the  solution 
process  where  he  or  the  class  engaged  in  generating  alternatives,  the  reasons  for  the  decision  to  pursue  one 
alternative  before  another,  and  so  oit  In  short,  he  provides  what  we  (Collins  and  Brown,  in  press)  have  labeled  an 
"tfostracted  replay."  that  is  a  recapitulation  of  some  process  designed  to  focus  students'  anetthon  on  the  critical 
decisions  or  actions.  Post-mortem  analysis  also  occurs  when  individual  students  explain  the  process  by  which  they 
solved  their  homework  problems.  Here  students  ate  required  to  generate  an  abstracted  replay  of  their  own  problem¬ 
solving  process,  as  Ibe  basis  for  a  class  cniique  of  tfaeu  methods.  The  altemauon  between  expen  and  student 
post-monem  analyses  erubles  the  class  to  compare  student  problem-solving  processes  and  strategies  with  those  of 
the  expert;  such  comparisoas  provide  the  basis  for  diagnosing  student  difficulues  and  for  makmg  mcremental 
adjustments  in  student  performance.  Moreover,  generaong  abstracted  repla>s  involves  focussing  on  the  strategic  as 
well  as  the  tactical  levels  of  problem  solving;  this  aids  students  in  developing  a  hierarchical  mcxlel  of  the  problem 
solving  process  as  the  basis  for  self-monitonng  and  -correction,  and  m  seeing  bow  to  orgamze  local  (tactical) 
processes  to  accomplish  high-level  (strategic )  goals. 

3.  A  Framework  fbr  Dcsi^img  Learninf!  Enviroaments 

In  OUT  (bscossiaa  so  for.  we  have  described  an  ippienticeshiplike  approach  to  teaching  the  skills  necessary  for 
expert  pnuxice  in  cognitive  domains  and  considered  m  detail  three  recently  developed  teachmg  methods,  viewed  as 
"sucoess  models"  of  cognitive  iqipieriuceship  Our  discussou  of  these  leaching  methods  has  introduced  numerous 
pedagogical  and  theoretical  issues  that  we  believe  arc  rmpoitani  to  the  design  of  leamng  envuonmetrB  generally 


To  facilitate  conside  n  of  these  issues,  we  have  developed  a  framewoik.  outlined  in  Table  5.  The  framewoik 
describes  four  dimensions  that  constitute  any  learning  enviroament:  content,  method,  sequence,  and  sociology. 
Relavant  to  each  of  these  dimensions  are  a  set  of  diaracteiistics  that  we  believe  should  be  considered  in  constnicting 
or  evaluating  learning  environments.  We  consider  these  characteiistics  in  detail  below,  giving  examples  from 
reading,  writing,  and  mathematics. 

Content.  Recent  cognitive  research  has  begun  to  diffeientiate  the  types  of  knowledge  required  for  expertise 
in  a  domain.  In  particular,  researchers  have  begun  to  distinguish  between  the  explicit  conceptual.  factuaL  and 
procedural  knowledge  associated  with  etq)ettise,  and  various  types  of  strategic  Imowledge.  We  use  the  term 
strategic  knowledge  to  refer  to  the  usually  tadt  knowledge  that  underlies  an  expert's  ability  to  make  use  of  concepts, 
facts,  and  procedures  as  necessary  to  solve  problems  and  cany  out  tasks.  This  son  of  expen  problem-solving 
knowledge  involves  problem-solving  strategies  and  heuristics,  and  the  strategies  that  control  the  problem-solving 
process  at  its  various  levels  of  decomposition.  Aruuher  type  of  strategic  knowledge,  often  overlooked,  includes  the 
learning  strategies  that  expens  have  about  how  to  acquire  new  concepts,  facts,  and  procedures  in  their  own  or 
another  field. 

Within  our  framework,  the  apprqiriate  target  knowledge  for  an  ideal  learning  environment  is  likely  to  include 
all  four  categones  of  expert  knowledge,  only  one  of  which  is  often  the  current  focus  in  schools. 

1.  Domain  knowledge  includes  the  conceptual  and  factual  knowledge  and  procedures  explicitly  identified 
with  a  particular  subject  matter,  these  are  generally  explicated  in  school  textbooks,  class  lectures,  arxi 
demoostratioas.  As  we  argued  in  the  Introduction,  this  kind  of  knowledge,  while  certaiiily  important, 
provides  insufficient  clues  for  many  students  about  how  to  actually  go  about  solving  problems  and 
carrying  out  tasks  in  a  domain.  Moreover,  when  it  is  learned  in  isolation  from  realistic  problem 
contexts  and  expert  problem-solvmg  practices,  domain  knowledge  tends  to  remain  irrert  in  situations 
for  which  it  is  appropriate,  even  for  successful  students.  Arxl  finally,  while  at  least  some  concepts  can 
be  formally  described,  many  of  the  crucial  subtleties  of  their  meaning  are  best  acquired  through  the 
work  of  applying  them  in  a  variety  of  problem  situations.  Indeed,  it  is  only  through  encoimtering  them 
in  real  problem  solving  that  most  studeros  wiQ  leam  the  boundary  conditions  and  eniailments  of  much 
of  their  domain  knowledge. 

Examples  of  domain  knowledge  in  reading  are  vocabulary,  syntax,  and  phonic  rules:  the  standard 
procedure  for  readmg  is  scannmg  text,  either  silently  or  aloud,  and  constructing  an  interpretation.  For 
writing,  domain  knowledge  includes  much  of  the  same  vocabulary  and  synuctic  knowledge,  but  in 
addition  kixrwiedge  about  rfaetancal  forms  and  genres,  aral  about  writing  drafts  and  revising,  far 
mathematics  most  of  the  domam  knowledge,  other  than  number  facts  and  definitions,  consists  of 
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TABLE  5 

Characteristics  of  Ideal  Learning  Environments 


Content 

Domain  knowledge 
Heuristic  strategies 
Control  strategies 
Learning  strategies 


Methods 

Modelling 

Coaching 

Sca^olding  and  fading 
Articulation 
Reflection 
Eicploratioa 


Sequence 

Increasing  complexity’ 
Increasing  diversity 
Global  before  local  skills 


Sociology 

Situated  teaming 
Culture  of  expert  practice 
Intrinsic  motivation 
Exploiting  cooperation 
Exploiting  competition 


procedmes  for  solving  different  kinds  of  problems,  from  addition  algahtfams  to  proceduies  for  solving 
problems  in  algebra  and  constructing  proofs  in  geometry. 

2.  Problem-solving  strategies  and  heuristics  are  generally  effective  tedmkpies  and  approaches  for 
accomplishing  tasks  that  nh^t  be  regarded  as  "tricks  of  the  trade";  they  don’t  always  work,  but  when 
they  do,  they  are  quite  helpful.  Most  heuristics  are  tacitly  acquired  by  experts  through  the  practice  of 
solving  problems;  however  there  have  been  noteworthy  attempts  to  address  heuristic  learning 
explicitly.  The  literature  is  replete  with  examples  of  heuristics  for  mathematical  problem-solving, 
beginning  with  Polya  (1945):  though  less  widely  formalized,  use&d  problem-solving  heuristics  and 
strategies  can  also  be  identified  for  more  open-ended  task  domains,  such  as  reading  and  writing. 

For  example,  a  standard  heuristic  for  writing  is  to  plan  to  rewrite  the  introduction  to  a  text  (and 
dierefote  to  spend  relatively  linie  time  crafting  it):  this  heuristic  is  based  on  the  recognition  that  a 
writer’s  initial  plan  for  a  text  is  likely  to  undergo  radical  refinemem  and  revision  through  the  process 
of  writing,  and  therefore  that  the  beginning  of  a  text  often  needs  to  be  rewritten  to  "fit”  the  emergent 
organization  and  arguments  of  the  main  body  and  conclusion.  Another  strategy,  designed  to  help  a 
writer  maintain  momentum  and  "flow  of  ideas,"  is  to  avoid  getting  bogged  down  in  syntax  or  other 
presentational  details  while  getting  one's  ideas  down.  In  reading,  a  general  strategy  for  faciUtating 
both  comprehension  and  critical  reading  is  to  deveic^  an  overview  and  set  of  expectations  arxl 
questirxis  about  a  text  before  reading  Une  by  line:  one  can  achieve  this  by  looking  through  tables  of 
contems  and  reading  section  headings  in  chapters  to  get  a  sense  of  the  overall  organization  of  the  text. 
Ortain  kinds  of  texts,  for  example,  experimental  psychology  articles,  have  a  standard  format 
corresponding  to  a  paradigmatic  argument  structure:  orte  can  read  the  introducuon  and  conclusions  to 
understand  the  major  claims  being  made  before  attempting  to  assess  whether  they  are  supported  by 
evidence  piesemed  in  other  sections. 

3.  Control  strategies,  as  the  name  suggests,  control  the  process  of  carrying  out  a  task.  As  studetus 
acquire  more  and  more  heuristics  and  strategies  for  solving  problems,  they  encoutuer  a  new 
management  or  control  problem,  how  to  select  among  the  various  possible  problem-solving  strategies, 
bow  to  decide  when  to  change  strategies,  and  so  on.  The  knowledge  that  experts  have  about  managing 
problem  solving  can  be  formulated  as  control  strategies.  Ctmtrol  strategies  require  reflection  on  the 
problem  solving  process  in  order  to  determine  how  to  proceed.  Control  strategies  operate  at  many 
different  levels.  Some  ate  aimed  at  managing  problem  solving  at  a  global  level  and  are  probably 
useful  across  domains:  for  example,  a  simple  control  strategy  for  solving  a  complex  problem  might  be 
to  switch  to  a  new  part  of  a  problem  if  one  is  stuck  on  another  part.  Other  strategies  control  selection 
of  domain-^dfic  problem-solving  heuristics  and  strategies  for  carrying  out  parts  of  the  task  at  haint 

Control  strategies  have  morutoting,  diagnostic  and  remedial  components:  decisions  about  how  to 
proceed  in  a  task  generally  depends  on  an  assessment  of  the  current  sute  relative  to  one's  goals,  on  an 
analysis  of  current  difiBculhes.  and  on  what  strategies  are  available  for  deahng  with  difficulties. 
Monitoring  strategies  can  be  represented  as  activities  that  help  students  to  evaluate  their  progress  in  a 
general  way  by  providing  a  simple  enterion  for  deteniuning  whether  or  not  a  given  goal  is  being 


achieved.  For  leading,  these  strategies  ate  called  "ccanprehension  monitoring"  stixtegies  (Baker  & 
Brown,  1980:  Collins  &  Smith.  1982).  For  example,  a  comprehension  monitoring  strategy'  might  be  to 
tiy  to  state  the  main  poia  of  a  paragraph  ooe  has  just  read:  if  one  cannot  do  so.  then  one  has  not 
undeistood  the  text.  Momtoiing  strategies  lead  either  to  diagnosis  or  duectly  to  remedial  actions.  For 
example,  if  one  does  not  understand  a  given  paragraph,  one  may  proceed  to  analyze  the  source  of 
one’s  difficulties  or  simply  re-read  the  text.  Diagnosis  refers  to  those  processes  whereby  the  problem 
solver  arrives  at  a  usefiil  analysis  of  the  nature  or  cause  of  bis  difficulties.  The  level  of  diagnosuc 
aiudysis  required  depends  on  a  ruonber  of  factors,  for  example,  bow  importara  understandmg  the 
current  difficulty  is  to  acMeving  the  overall  goals  of  the  activity,  or  what  level  of  diagnosis  is 
necessary  to  determine  corrective  action.  A  diagnostic  activity  for  reading  is  what  Palincsar  and 
Brown  call  "clarifying  difficulties"  with  the  text,  in  which  students  attempt  to  isolate  the  particular 
word  or  phrase  that  they  don't  understand.  In  order  to  be  useful,  diagnoses  must  point  to  remedial 
strategies,  that  is  to  problem-solving  or  learning  activities  that  will  lead  out  of  the  difficulty  by 
introducing  new  knowledge  or  providing  an  alternate  uck  on  die  problem.  Having  recognized  that 
their  difficulties  in  understanding  a  passage  lie  with  a  particular  word  or  phrase,  leaders  can  employ 
various  strategies,  such  as,  looking  up  words  or,  continuing  to  read  with  the  plan  of  coining  back  to  the 
difficult  passage  to  see  if  subsequent  evidence  from  the  text  resolves  the  difficulty  (Collins  &  Smith. 
1982). 

4.  Learning  strategies  aie  strategies  for  learning  any  of  the  other  kinds  of  content  described  above.  Like 
the  other  types  of  process  knowledge  we  have  described,  knowledge  about  how  to  learn  ranges  from 
general  strategies  for  exploring  a  new  domain  to  more  local  strategies  for  extending  or  reconfiguring 
knowledge  as  the  need  arises  in  solving  problems  or  carrying  out  a  complex  task. 

For  example,  if  studems  waiM  to  learn  to  read  better  on  their  own.  they  have  to  know  bow  to  pick  texts 
that  expand  their  vocabulary  ,  but  are  not  too  demanding  They  also  have  to  know  how  to  check  their 
understanding  against  other  people's,  by  reading  critical  reviews  of  the  texts  they  have  read  or  by 
discussing  the  text  with  someone.  If  students  want  to  learn  to  write  better,  they  need  to  find  people  to 
read  their  wnting  who  can  give  helpful  cntiqucs  and  explain  the  reasoiung  underlying  the  cnuques 
(most  people  cannot).  They  also  need  to  learn  to  analyze  the  texts  of  others  in  terms  of  the  ways  that 
they  ate  well  and  badly  written.  To  learn  to  solve  math  problems  better,  it  helps  to  tty  to  solve  the 
example  problems  presemed  in  the  text  befme  reading  the  soluuon.  to  provide  a  basis  for  comparing 
one's  own  solution  method  to  the  soluuon  method  m  the  book.  These  are  just  a  fiew  of  the  more 
general  strategies  that  expert  leamers  acquire.  Just  as  it  is  possible  to  teach  heuristic  and  moniloiing 
strategies  by  iqrpienticeship.  it  is  possible  to  teach  such  learning  strategies  by  apprenuoeship. 


Method.  As  we  have  discus.sed.  a  key  goal  m  the  design  of  leaching  methods  should  be  to  help  students 
acquire  nl  integrate  cognitive  and  metacogmuve  strategies  for  mmg.  managing,  and  thscoveiing  knowledge 
However,  it  is  our  belief  that  the  way  in  wtaefa  these  strategies  are  acquired  and.  once  acquired,  brought  to  play  m 
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proUem  solving,  is  both  subde  and  pooriy  imderstood.  In  general,  it  seems  clear  tlui  both  acquisdon  and  use  of 
tbese  strategies  depend  crucially  on  interactions  between  the  ndividual 's  cuireiu  knowledge  and  beliefs,  the  social 
and  physical  environment  in  which  the  problem-solving  takes  place,  and  the  local  details  the  problem-solving 
itaelf  as  it  unfolds.  Amajor  direction  in  curret*  cognitive  research  is  to  attempt  to  formulate  exfdidtly  the  strategies 
and  skills  underiying  expen  practice,  in  order  to  make  them  a  legitimate  focus  of  teaching  in  school  and  other 
teaming  environments.  Indeed,  aD  three  success  models  we  have  discussed  are  based  on  explicit  formulations  of 
cognibve  and  metacognitive  strategies  and  center  their  teaching  around  activities  designed  to  explicitly  convey  these 
to  students.  However,  we  believe  it  is  also  important  to  consider  the  possibility  that,  because  of  the  nature  of  the 
lelatioQship  between  these  strategies  and  the  overall  problem  context,  not  all  of  the  necessary  -  and  oenainly  not  all 
of  the  possible  -  strategies  involved  in  complex  cognitive  activities  can  be  captured  and  made  expbcn.  In  this 
regard,  it  is  worth  noting  that  these  strategies  md  skills  have  tended  to  remain  tacit  and  thus  to  be  lost  to  formal 
education  precisely  because  they  arise  from  the  pracuce  of  solving  probtems.  m  situ,  in  the  domain.  Moreoser.  we 
would  argue  that,  even  given  expUch  formulation  of  strategies,  understanding  how  to  use  them  depends  crucially  on 
understandir,  the  way  in  which  the>  are  embedded  in  the  context  of  actual  problem  solvmg. 

For  these  reasons,  we  believe  that  teaching  methods  should  be  designed  to  give  students  the  oppoitunity  to 
observe,  engage  in,  and  invent  or  discover  expen  strategies  in  context  Such  an  approach  wiU  enable  students  to  see 
how  tbese  strategies  hi  together  with  their  factual  and  conceptual  knowledge,  and  how  they  cue  off  and  make  use  of 
a  vaneiy  of  resources  m  the  social  and  physical  envuonmem.  This  is  the  essence  of  wbai  we  mean  by  situated 
learning  (see  Sociology),  and  the  reason  why  the  cogniuve  apprenticeship  method,  with  its  modelling-coaching- 
fading  paradigm,  is  successful  and  perhaps  mdispensable. 

The  following  six  teaching  methods  fall  roughly  mto  three  groups  ihe  first  three  (modelling,  coaching,  and 
scaffolding)  are  the  core  of  cogniuve  apprenhceship.  designed  to  help  students  acquire  an  imegraied  set  of  cognitive 
and  metacogniuve  skills  through  processes  of  observation  and  of  guided  and  mppoited  practice.  The  next  two 
(anicuLihoa  and  reflecbon)  are  methods  designed  to  help  students  both  to  focus  ihcir  observatioas  of  expert  problem 
solving  and  to  gam  consaous  access  to  (and  control  of)  their  own  probtera  solving  strategies.  The  final  method 
(exploration)  is  aimed  at  encouraging  teanxr  autonomy  not  only  in  carry  ing  out  expert  problem  solving  processes. 

but  also  in  defining  or  foimulaAmg  the  probtems  to  be  solved. 

1 .  Modelhng  involves  showing  an  expen  carrying  out  a  task  so  that  students  can  observe  and  build  a 
cooceptual  model  of  the  processes  that  are  required  to  accomplish  the  task.  In  cognitive  domains,  this 
requires  the  extemalizauoa  of  usually  mteroal  (cogruuvei  processes  and  achviues  —  qieafically.  the 
beunsncs  and  control  processes  by  which  expens  make  use  of  basic  conceptual  and  procedural 
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knowledge.  For  example,  a  teacher  might  model  the  leadmg  process  by  reading  aloud  in  one  voice, 
while  verbalizing  her  thought  processes  (e  g.,  the  making  and  testing  of  hypotheses  about  what  the  text 
means,  what  the  author  uiends.  what  he  or  she  thinks  will  happen  next,  and  so  on)  in  another  voice 
(Collins  &  Staoitfa.  1982).  Tables  3  and  4  give  examples  of  teacher  modelling  of  expeit  processes  in  the 
domains  of  writing  and  mathematics. 

2.  Coaching  consists  of  observing  students  while  they  cany  out  a  task  and  offering  hints,  scaffolding, 
feedback,  modelling,  femmders.  and  new  tasks  aimed  at  bimging  then  perfomtance  closer  to  expeit 
performance.  Coaching  may  serve  to  direct  students'  attennon  to  a  previouly  unnoticed  aspect  of  the 
task  or  simply  to  remind  the  studeix  of  some  aspect  of  the  task  that  is  known  but  has  been  temporarily 
overlooked.  Coaching  focusses  on  the  enactmerx  and  megration  of  skills  ra  the  service  of  a  weU- 
understood  goal  through  highly  interactive  and  highly  situated  feedback  and  suggesbons.  That  is.  the 
content  of  the  coaching  mteracQon  is  immediately  related  to  speahc  events  or  problems  that  ahse  as 
the  student  attempts  to  carry  out  the  target  task.  In  reading,  coaching  might  consist  of  having  students 
anempt  to  give  summaries  of  different  texts.  The  teacher  in  the  role  of  coach  might  choose  tests  with 
imerestng  difhculnes.  might  remind  the  student  that  a  summary  needs  to  integrate  the  whole  text  into  a 
sentetKe  or  two.  might  suggest  how  to  start  constniamg  a  summary .  might  evaluate  the  surnmary  a 
student  produces  in  terms  of  how  it  cou!  1  be  improved,  or  ask  another  student  to  evaluate  it.  Similarly 
the  description  of  Scardamailia  and  P  ere  iter  s  classes,  and  of  Schoenfeld's  classes  provide  examples 
of  how  the  teacher  can  funcuon  as  a  coach  while  studems  try  to  carry  out  tasks  in  wnting  and 
mathematics. 

3.  Scaffolding  refers  to  the  supports  the  teacher  provides  to  help  the  student  carry  out  a  task  These 
supports  can  either  take  the  foims  of  suggestions  or  help,  as  in  Palmcsar  and  Brown's  (1984) 
Reciprocal  Teaching,  or  they  can  lake  the  form  of  physical  supports,  as  with  the  cue  cards  in 
Scaidamalia  el  al 's  <  1984)  procedural  facihianon  of  wnting  or  the  short  skiis  used  to  teach  downhill 
skiing  (Burton.  Brown,  A  Fisher.  1984).  When  scaffolding  is  provided  by  a  teacher,  it  involves  the 
teacher  in  carrying  out  pans  of  the  overall  ta.sk  that  the  student  cannot  yet  manage  As  such,  it 
involves  a  kind  of  cooperative  problem-solving  efion  by  teacher  and  student  ui  which  the  express 
itMemion  is  for  the  student  to  a.ssume  as  much  of  the  task  on  hu  own  as  possible,  as  soon  as  possible 
A  requisite  of  such  scaffolding  is  accurate  diagnosis  of  the  student  's  current  skill  level  or  difficulty  and 
the  availatoiliTy  of  an  mtermediaie  step  at  the  appropriate  level  of  difficulty  in  carrying  out  the  target 
activity  Fading  consists  of  the  gradual  removal  of  suppoits  until  students  are  on  their  own.  The  three 
models  de.sc'nbed  employed  scaffolding  in  a  variety  of  way  s 

4.  Articulation  includes  any  method  of  gettmg  students  to  arbculate  their  knowledge,  reasomng.  nr 
proMem-soivmg  procesaes  m  a  domain  We  have  ideroified  several  different  methods  of  afUctilanon 
First,  inquir,  teaching  (Collins  A  Stevere.  1982.  1983)  is  a  strategy  of  quesborung  studems  to  lead 
them  to  articulate  and  refine  proto-theones"  about  the  four  kinds  of  knowledge  enumerated  above 
For  example,  an  inquiry  teacher  in  readmg  might  systematically  qnesbon  students  about  why  me 
summary  at  the  text  is  a  good  one  while  another  is  poor,  in  order  to  get  the  students  to  formulate  an 
explicA  model  of  what  nukes  a  good  summary.  Second,  teachers  might  encourage  students  to 
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aiticulate  their  the  s  as  they  carry  out  their  problem  solving  as  do  Scardamalia  et  al.  (1984).  Third, 
having  students  assume  the  critic  or  monitor  role  in  cooperanve  activibes.  as  do  all  three  models  we 
discussed,  leads  students  to  fonnulate  and  arbculjtt  their  knowledge  of  problem>sdving  and  control 
processes. 

5.  Refleebon  (Brown.  1985a.  1985b;  Collins  &.  Brown,  in  press)  involves  enabling  students  to  compare 
their  own  problem  solving  processes  with  that  of  an  expen,  other  students,  and  ultimately,  an  internal 
cogrubve  model  of  experbse.  Refleebon  is  enhanced  by  the  use  of  techniques  for  reproducing  or 
"replaying"  the  performances  of  both  expen  and  novice  for  comparision.  This  can  be  done  through  a 
variety  of  methods.  For  example,  an  expen's  skiUhil  post  mortem  of  the  problem-solving  process,  as 
Schoenfeld  showed,  can  serve  as  a  target  for  leffecbve  comparision,  as  can  the  students'  post  monems 
of  their  own  problem-solving  process.  Ahernately.  various  recording  technologies,  such  as  video  or 
audio  recorders  and  computers,  can  be  employed  to  reproduce  student  and  expen  performance.  The 
levels  of  detail  at  which  a  replay  should  be  done  may  vary  depending  on  the  student’s  stage  of 
learrung.  but  often  some  form  of  "abstracted  replay."  in  which  the  determining  features  of  expen  and 
student  performance  are  highlighted,  is  desirable.  For  reading  or  wribng.  methods  to  encourage 
refleebon  might  consist  of  recordmg  studems  as  they  bunk  out  loud  and  then  replaying  the  tape  for 
companson  with  the  thinking  of  experts  and  other  students. 

6  E^Plonioon  involves  pushmg  students  into  a  mode  of  provlem-solving  on  their  own  Forcing  students 
to  do  explorabon  is  cntical  for  students  to  learn  how  to  frame  questions  or  problems  that  are 
interesting  and  that  they  can  solve.  Explorabon  is  the  natural  culminabon  of  the  fading  of  supports.  It 
involves  not  only  fadmg  in  problem  solving,  but  fadmg  m  problem  settmg  as  well.  But  students  do  not 
know  a  pnon  how  to  explore  a  domam  (noducbyely  So  explorabon  strategies  need  to  be  taught  as 
part  of  leannng  strategies  more  generally. 

Exploradon  as  a  method  of  teaching  involves  setting  general  goals  for  students,  but  encouraging  them 
to  focus  on  particular  subgoaLs  of  imerest  to  them  or  even  to  revLse  the  general  goals  as  they  come 
upon  something  more  mteresting  to  pursue  For  example,  in  readmg  the  teacher  might  send  the 
students  to  the  bbrury  to  find  out  what  president  died  in  office  as  a  result  of  a  trip  to  Alaska,  or  to 
mvestigaie  theories  about  why  the  stock  market  crashed  in  1929.  In  wnting  students  might  be 
encouraged  to  write  an  essay  defending  the  most  outrageous  thesis  they  can  devise,  or  to  keep  a  diary 
of  their  best  ideas  or  their  most  tiaitmabc  experiences.  In  matfaemabes  students  might  be  given  a  data 
base  on  teenagers  detailing  their  backgrounds  and  how  they  spend  their  tune  and  money;  the  studems' 
task  might  be  to  come  up  with  hypotheses  about  what  determines  bow  different  groups  of  teeiugers 
spend  then  bme  or  money  that  they  test  out  by  analyzmg  the  data  base  they  have  been  given.  The  goal 
is  to  find  general  tasks  that  students  will  find  interestuig  and  turn  them  loose  on  them,  after  they  have 
acquired  .some  basic  exploration  skills. 

Scqacndiig.  Lave  (jd  preparation)  has  suggested  that  research  emphasis  on  early  skill  aoqmsinon  has  resulted 
in  a  fiulure  to  recognize  the  changmg  learrung  needs  of  students  at  different  stages  of  skill  acqoisibnn  and. 
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consequently,  to  sequence  and  stnictuie  mateiials  and  activiiies  appropriately  for  those  stages.  In  paiticular. 
designers  need  to  understand  how  to  suppon  the  phases  of  both  integration  and  generalization  of  knowledge  and 
complex  skills.  We  have  identified  some  dimensions  or  prmcipies  that  should  guide  the  sequencing  of  learning 
activities  in  order  to  facilitate  the  development  of  robust  problem-stdvmg  drills. 

1.  Increasing  complexity  refers  to  the  construction  of  a  sequeiKe  of  ta.<5ks  and  task  environments  or 
microworlds  such  that  more  and  more  of  the  drills  and  concepts  necessary  for  expert  performance  are 
required  (VanLehn  &  Brown,  1980:  Burton,  Brown  &.  Fucher,  1984;  White.  1984;  White  & 
Frederiksen,  in  press).  We  doubt  that  it  is  possible  to  sequence  skills  and  tasks  such  that  they  undergo 
a  moiKitoaic  increase  in  complexity.  Instead,  there  are  more  likely  to  be  jumps  in  complexity  as 
kameis  are  required  not  only  to  leam  and  integrate  the  interrelated  set  of  drills  or  activites  necessary 
to  carry  out  an  interesting  task  (even  a  relatively  simple  one),  but  also  to  manage  and  direct  these 
activities.  For  example,  in  the  tailoring  apprenticeship  described  by  Lave,  apprentices  jump  from 
practicing  very  simple  rudimentary  skills,  such  as  wielding  scissors  and  needle  and  sewing  scraps,  to 
actually  putting  together  a  garment,  which  requires  the  integration  of  sewmg  skill  with  a  conceptual 
understanding  of  the  structure  of  the  garment  over  a  series  of  ordered  steps. 

There  are  two  mechanisms  for  helping  students  manage  increasing  complexity.  First,  efforts  should  be 
made  to  control  task  complexity.  As  an  example,  in  the  tailoring  apprenticeship  desenbed  by  Lave  (in 
press),  apprentices  first  leam  to  construct  drawers,  which  have  straight  bnes.  few  pieces,  and  no 
"special  features."  such  as  waistbands  or  pockets.  They  then  leam  to  construa  blouses,  which  require 
curved  lines,  patch  pockets,  and  the  integration  of  a  complex  subpiece,  the  collar.  The  second  key 
mechanism  for  helping  students  manage  complexity  is  the  use  of  scaffolding,  which  enables  students 
to  handle  at  the  outset,  with  the  suppon  of  the  teacher  or  other  helper,  the  complex  set  of  activities 
needed  to  carry  out  any  interesting  task. 

Presumably  in  most  domains  task  complexity  can  vary  along  a  variety  of  dimensions.  For  example,  in 
reading,  texts  can  vary  in  complexity  (at  least)  along  the  dimensions  of  syntax,  vocabulary ,  corKeptual 
abstractness,  and  argumentahoa.  Increasing  task  complexity  might  consist  of  progressing  from 
relatively  shon  texts  employmg  straightforward  syntax  and  coiKrete  desenpuon  to  texts  in  which 
complexly  interrelated  ideas  and  the  use  of  abstractioas  make  inteipretation  difficult. 

2.  Increasing  diversitv  refers  to  the  construction  of  a  sequence  of  tasks  in  which  a  wider  and  wider 
vanety  of  strategies  or  skills  are  required.  While  it  is  impoitant  to  practice  a  new  strategy  or  skiD 
repeatedly  in  a  sequence  of  (mcieasmgly  complex)  tasks,  as  the  skill  becomes  well  learned  it  becomes 
increasmgly  impoitant  that  tasks  requmng  a  diversity  of  skills  and  strategies  be  introduced  so  that  the 
student  learns  to  distinguish  the  conditioas  under  which  they  do  (and  do  not)  apply.  Moreover,  as 
students  leam  to  apply  skills  to  more  diverse  problems  and  problem  situauons.  their  strategies  become 
freed  from  ihetr  comextual  bmdmgs  (or  perhaps  more  accmaiely.  acquire  a  richer  net  of  cotaextual 
assocubons)  and  thus  are  more  readdy  available  for  use  with  unfamiliar  or  novel  problems.  For 
reading,  task  diversity  might  be  anained  by  mietmixing  reading  for  pleasure,  reading  for  memory 
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(studying),  and  reading  to  find  out  some  paiticular  infonnatiaD  in  the  context  of  some  other  task. 
Varying  task  diversity  in  wtiting  might  be  achieved  by  posing  different  rhetorical  problems,  such  as 
writing  to  persuade  an  audience  of  some  point  of  view  versus  writing  descriptive  or  instructional  text, 
or  by  introducing  specific  constraints,  such  as  writing  for  a  particiilar  audience  (say  the  school  board) 
or  under  different  time  constraints.  We  described  earlier  bow  Scfaoenfeld  systematically  increases 
diversity  in  teaching  mathematics. 

3.  Global  before  local  skills.  In  the  tailoring  apprenticeship  described  by  Lave,  apprentices  invariably 
learn  to  put  together  a  garment  from  precut  pieces  before  learning  to  draw  and  cut  out  the  pieces 
themselves.  This  sequencing  of  activities  provides  learners  with  the  opportunity  to  build  a  corKeptual 
model  of  bow  all  the  pieces  of  a  garment  fit  together  before  attempting  to  produce  the  pieces.  For 
cognitive  domains,  this  implies  sequencing  of  lessons  such  that  studems  have  a  chaiKe  to  apply  a  set 
of  skills  in  constructing  an  interesting  problem  solution  before  they  are  required  to  generate  or 
remember  those  skills.  This  requites  some  form  of  scaffolding  (see  Methods  section).  Scaffolding  can 
be  applied  to  different  aspects  of  a  problem-solving  process,  for  example,  to  management  and  control 
of  the  problem  solving  or  to  the  subprocesses  that  are  required  to  carry  out  the  task.  Global  before 
local  skills  means  that  in  the  sequencing  of  lessons  there  is  a  bias  toward  supporting  the  lower-level  or 
composite  skills  that  students  mu.st  put  together  in  order  to  carry  out  a  complex  task.  In  algebra,  for 
example,  students  may  be  relieved  of  having  to  carry  out  low-level  computations  in  which  they  lack 
skill  in  order  to  concentrate  on  the  higher-order  reasoning  and  strategies  required  to  solve  an 
iixeresting  problem  Brown  ( 1985b). 

The  chief  effect  of  this  sequencing  pnnciple  is  to  allow  students  to  build  a  conceptual  map.  so  to 
speak,  before  attending  to  the  details  of  the  terrain.  In  general,  having  students  build  a  conceptual 
model  of  the  target  skill  or  process  (which  is  also  encouraged  by  expert  modelling)  accomplishes  two 
things:  First,  even  when  the  learner  is  able  to  carry  out  only  a  poruon  of  a  task,  having  a  clear 
conceptual  model  of  the  overall  activity  both  helps  him  nuke  sense  of  the  pieces  that  be  is  carrying  out 
and  provides  a  clear  goal  toward  which  to  stnve  as  he  takes  on  and  urtegrates  more  and  more  of  the 
pieces.  Second,  the  preserKe  of  a  clear  conceptual  model  of  the  target  task  acts  as  a  guide  for  the 
learner's  performance,  thus  improving  his  ability  to  monitor  his  own  progress  and  to  develop  attendant 
self-correction  skills.  We  also  suspect  drat  having  such  a  model  helps  crucially  to  prevent  students 
from  developing  bugs  in  the  acquisition  of  individual  composite  skills;  having  an  understanding  of  the 
purpose  of  various  skills  can  help  clarify  the  conditions  under  which  they  are  applicable,  tbeir 
entailments.  then  relationships  to  other  processes,  and  so  on. 

Sociology.  The  final  dimension  in  our  fomework  concerns  the  soaology  of  the  learning  environment,  a 
critical  dimension  that  is  often  ignored  in  dedsions  about  cumculum  and  pedagogical  practice.  In  her  analysis  of 
tailoring  apprenticeship.  Lave  (in  press  >  di.scu.s.se.s  some  of  the  determining  features  of  the  embedding  soaal  context 
n]  the  ways  that  they  affect  learning.  For  example,  she  notes  tha  apprentices  learn  tailoiing  not  in  a  special, 
segregated  teaming  environment,  but  m  a  busy  tailoring  shop.  They  are  surrounded  by  both  masters  and  other 


26 


apprentices,  all  engaged  in  the  target  skills  at  varying  levels  of  expertise.  And  they  are  eiqjeaed,  fiom  the 
beginning,  to  engage  in  activities  that  contribute  directly  to  the  production  of  actual  garments,  advancing  quickly 
toward  independent  skilled  production.  As  a  result,  apprentices  learn  skills  in  the  context  of  their  application  to 
realistic  problems,  within  a  culture  focussed  on  and  defined  by  expen  practice.  They  continually  see  the  skills  they 
are  learning  being  used  in  a  way  that  clearly  conveys  both  bow  they  are  integrated  into  patterns  of  expertise  and 
their  efficacy  and  value  within  the  subculture.  And  by  advancing  in  skill,  apprentices  are  increasing  their 
participation  in  the  community,  becoming  expen  practioners  in  their  own  ri^t.  These  characteristics  —  the  ready 
availability  of  models  of  expettise-in-u.se,  the  presence  of  clear  expectations  and  learning  goals,  and  the  integration 
of  skill  improvemeru  and  social  reward  —  help  motivate  and  grourxl  learning. 

Furthermore,  we  believe  that  certain  aspects  of  the  social  orgamzation  of  apprenticeship  encourage  productive 
beliefs  about  the  r.ature  of  learning  and  of  expertise  that  are  important  to  learners'  motivation,  confidence,  and.  most 
importantly,  their  onentahon  toward  problems  that  they  encoutUer  as  they  learn.  For  example,  the  presence  of  other 
learners  provides  apprentices  with  calibrations  for  their  own  progress,  helping  them  to  identif>  their  strengths  and 
weaknesses  and  thus  to  focus  their  efforts  for  improvement.  Moreover,  the  availability  of  multiple  masters  may  help 
learners  realize  that  even  experts  have  different  styles  and  ways  of  doing  things  and  different  special  aptimdes.  Such 
a  belief  encourages  learners  to  understand  learning  as,  in  part,  using  multiple  resources  m  the  social  context  to 
obtain  scaffolding  and  feedback. 

We  believe  that  structuring  the  social  context  so  as  to  encourage  the  development  of  these  productive  beliefs 
sets  the  stage  for  the  development  of  cooperative  learning  styles,  such  as  those  found  by  Levin  (1982)  in 
contemporary  computer  clubs,  and  of  collaborative  skill  generally.  In  his  study.  Levin  found  that  nonexperts  were 
able  to  successfully  bootstrap  their  knowledge  about  computers  without  regular  access  to  high-level  expemse  by 
pooling  their  fragments  of  knowledge  and  using  other  learners  as  a  source  of  scaffolding  for  carrying  out  their  tasks. 
This  son  of  decoupling  of  the  experience  of  learning  from  the  availability  of  an  "authority  "  encourages  independent 
and  self-directed  learning.  Moreover,  awareness  of  the  distributed  nature  of  expertise  and  insight  is  at  the 
foundation  of  successful  collaboration  in  all  domains.  Partly  because  of  this  key  belief  -  that  knowledge  is  not 
concentrated  in  any  single  p?isfla  —  skilled  collaborators  are  mote  likely  to  be  open  to  and  seek  out  help  atxl  input 
from  others  As  a  result,  they  are  better  able  to  take  advantage  of  mteractioiis  with  others  in  order  to  construct  better 
and  more  satisfactory  solutions  to  complex  problems. 

From  our  consideration  of  these  general  issues,  we  have  abstracted  five  critical  characteristics  affecting  the 
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1 .  Situated  Leaming.  A  cnocal  element  for  teaimug  is  that  students  are  canying  out  tasks  and  solving 
problems  in  an  environment  that  lefleas  the  multiple  uses  to  which  ttu^ir  knowledge  will  be  put  in  the 
future.  This  goal  serves  several  different  puiposes.  First  students  will  come  to  understand  the 
purposes  or  uses  of  the  knowledge  they  are  learning.  Second,  they  will  learn  by  actively  using 
knowledge  rather  than  passively  receiving  it.  Hiird,  they  will  learn  the  different  conditions  under 
which  their  knowledge  can  be  applied.  As  we  pointed  out  in  the  discussion  of  Schoenfeld's  work, 
students  have  to  learn  when  to  use  a  particular  strategy  and  when  not  to  use  it  (i.e.  the  application 
conditions  of  their  knowledge  i.  Founh,  learning  in  multiple  contexts  induces  the  abstraction  of 
knowledge,  so  that  students  acquire  knowledge  in  a  dual  form,  both  tied  to  the  contexts  of  its  uses  and 
independent  of  any  particular  context.  This  unbinding  of  knowledge  from  a  specific  context  fosters  its 
transfer  to  new  problems  and  new  domams. 

In  Edition,  the  reason  that  Dewey  (see  Cuban.  1984),  Papert  (1980),  and  others  have  advocated 
leaning  from  projeas  rather  than  isolated  problems  is,  in  pan.  so  that  students  can  face  the  task  of 
foimulating  their  own  problems,  guided  on  the  one  hand  by  the  general  goals  they  set,  and  on  the  other 
hand  by  the  "mteresting '  phenomena  and  difficulties  they  discover  through  their  interaction  with  the 
environment  Recogni/ing  and  delineating  emergent  problems,  that  is.  problems  that  anse  \  ale 
carrying  out  complex  tasks  in  a  nch  problem-solving  context,  is  a  crucial  skill.  Emergent  problems 
encountered  in  projects  are  ones  for  which  one  cannot  use  knowledge  about  the  instructional 
designer's  goals  to  help  solve  the  problem  as  students  do  m  working  textbook  problems  (Schoenfeld. 
1985).  lastead,  problems  emerge  from  mteracnoas  between  the  overall  goals  and  the  perceived 
structure  of  the  envuonment.  Thus,  in  projeas  students  leam  first  to  find  a  problem  and  then,  ideally, 
to  use  the  coastrainis  of  the  embedding  context  to  help  solve  iL  This  is  the  process  of  problem 
finding"  identified  b>  Getzels  and  Csikszentmihalyi  (1976)  while  studying  attests  and  the  notion  of 
"emergent  goals'  ideimfied  by  Scardamalu  and  Bereiter  (1985)  in  the  wnung  process. 

Reading  and  wnnng  lastruaion  might  be  situated  in  the  context  of  an  elearonic  message  svstem. 
where  students  are  sending  each  other  quesuons  and  advice,  as  in  the  computer  club  desenbed  b\ 
Levin  (1982).  Dewey  created  a  situated  learning  environment  ui  his  expcnmemal  school  by  having 
the  students  design  and  build  a  clubhouse  (Cubtm  1984).  a  task  which  emphasizes  arithmetic  and 
planning  skills. 

2.  Culture  of  expen  praaicc  refers  to  the  creation  of  a  learning  environment  m  which  the  pamapants 
actively  communicate  about  and  engage  in  the  skills  involved  in  expertise,  where  expertise  is 
understood  as  the  practice  of  solving  problems  amd  carry  ing  out  tasks  in  a  domain  A  culture  of  expert 
prachoe  helps  situate  and  support  learning  m  seveial  ways.  Fust  a  culture  focussed  on  expert  pracnoe 
provides  learners  with  readily  available  models  of  cxpeni.se-in-use.  as  we  have  dtscus-sed.  the 
availabihty  of  such  models  helps  learners  build  and  refine  a  conceptual  model  of  the  task  they  are 
trying  to  carry  out.  However,  a  leannng  environmem  m  which  experts  snnply  solve  problems  and 
cany  out  tasks,  and  learners  simply  watch,  is  madequaie  to  provide  effccuve  models  for  learning. 
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panicularly  in  cognitive  domains,  where  many  of  the  relevant  processes  and  inferences  are  tacit  and 
hiddea  Thus,  if  expert  modelling  is  to  be  effective  in  helping  students  internalize  useful  conceptual 
models,  experts  must  be  able  to  idennly  and  represent  to  students  the  cognitive  processes  that  they 
engage  in  as  they  solve  problems.  I>rawing  students  into  a  culture  of  expert  practice  in  cognitive 
domains  involves  teaching  them  how  to  "think  like  ejqjerts."  The  focus  of  much  current  cognitive 
research  is  to  understand  better  what  is  really  meam  by  such  a  goal  and  to  find  ways  to  commurucate 
more  effectively  about  the  processes  involved.  However,  even  without  a  thorough  theoretical 
uiKlerstaiKling  and  formulation  of  expen  processes,  such  mechanisms  as  group  problem  solving  are 
helpful  in  externalizing  relevant  processes  and  reasoning,  so  that  students  can  observe  and  enact  them. 
Thus,  the  creation  of  a  culture  of  expiert  practice  for  learning  should  be  understood  to  iiKlude  focu.s.sed 
interactions  among  learners  and  experts  for  the  purpose  of  solving  problems  and  carrying  out  tasks. 

Activities  designed  to  engender  a  culture  of  expert  practice  for  reading  might  engage  students  and 
teacher  in  reading  and  discussing  how  they  interpret  and  use  what  they've  read  for  a  wide  vanety  of 
purposes,  including  the  variety  of  learning  needs  that  arise  in  other  classes  or  domains. 

3.  Intnnsic  motivation.  Related  to  the  issue  of  situated  learning  and  the  creation  of  cultures  of  expert 
pracuce  is  the  need  to  promote  mtrinsic  motivation  for  learning.  Lepper  and  Greene  (1978)  and 
Malone  1 1*^81 )  discuss  the  imponance  of  creating  learning  environments  in  which  students  perform 
tasks  because  the)  are  intrinsically  related  to  an  interesting  or  at  least  coherent  goal,  rather  than  for 
some  extrinsic  reason  like  getting  a  good  grade  or  pleasing  the  teacher.  There  is  some  evidence  that 
when  an  extrinsic  reward  is  provided  for  performing  a  task  like  reading,  students  are  less  likely  to 
perform  the  task  on  their  own.  In  general,  the  methods  of  modelling-coaching-fading,  insofar  as  they 
promote  acquisition  of  integrated  skills  in  the  service  of  a  coherent  overall  activity,  ate  supportive  of 
intrinsic  motivation.  But  equally  imponant  is  that  students  attempt  to  carry  out  realistic  tasks  in  the 
spint  and  for  the  purposes  that  characterize  adult  expert  practice.  In  reading,  for  example,  intrinsic 
motivation  might  be  achieved  by  having  students  commurucate  with  students  in  another  part  of  the 
world  by  electronic  mail  (Colbns.  1986:  Levin.  1982)  or  by  pbying  a  game  that  requires  a  lot  of 
reading  (e  g  Dungeons  and  Dragons). 

4.  Exploiting  cooperation  refers  to  having  students  work  together  in  a  way  that  fosters  cooperative 
problem  solving.  Learning  through  cooperative  problem  solving  is  both  a  powerful  motivator  and  a 
powerful  mechanism  for  extending  learning  resources.  As  we  discussed  earlier,  cooperative  learning 
and  problem  solving  provides  students  with  an  additional  source  of  scaffolding,  in  the  form  of 
knowledge  and  processes  distributed  throughout  the  group.  One  crucial  aspect  of  distnbuted 
knowledge  concerns  the  multiple  roles  that  a  problem  solver  must  play  m  order  to  successfully  cany 
out  a  complex  task  and  which  students  may  have  dif  ficulty  integrating.  For  example,  in  order  to  wnte 
effectively,  students  must  aherrute  between  the  roles  of  producer  and  critic.  By  taking  turns  wnting 
and  reading  each  other's  wnting.  students  can  get  practice  m  both  roles.  Moreover,  as  studenLs  learn 
complex  processes,  they  will  grasp  differeil  aspects  of  a  problem  and  of  the  methods  needed  to  solv  e 
it.  Cooperative  problem  solving  enables  them  to  share  their  knowledge  and  skills,  giving  students 
additional  opportunnies  to  grasp  the  relevant  conceptual  and  other  aspects  of  an  overall  process  In 


addition,  students  oiten  able  to  help  each  other  grasp  the  rationale  for  or  distinguishing 
characteristics  of  sciii.e  new  concept  or  skill  because  they  are  closer  to  the  problem  of  learning  about  it. 

Said  differently,  a  student  may  have  a  better  internal  model  of  another  student's  difhcuhies  and  how  to 
address  them  because  diey  have  recently  had  the  same  or  a  similar  difficulty  themselves.  Finally 
coqieiative  kaming  helps  foster  the  situated  articulation  of  processes  and  concepts,  thus  helping 
students  to  gain  conscious  access  to  and  control  of  cognitive  and  metacognitive  processes  and  the  ways 
these  employ  conceptual  and  factual  knowledge. 

In  reading,  activities  to  exploit  cooperation  might  involve  having  students  break  up  into  pairs,  where 
one  student  articulates  his  thinking  process  whik  reading,  and  the  other  student  questions  the  first 
studem  about  why  he  made  differem  inferences. 

5.  Exploiting  competition  refers  to  the  strategy  of  giving  students  the  same  task  to  carry  out,  and  then 
comparing  what  each  produces.  One  of  the  important  effects  of  comparison  is  that  it  provides  a  focus 
for  students'  attention  and  effons  for  improvement  by  revealing  the  sources  of  strengths  and 
weaknesses.  However,  for  competition  to  be  effective  for  this  purpose,  comparisons  must  be  made  not 
between  the  products  of  student  problem  solving,  but  between  the  processes,  and  this  is  rarely  the  case. 
Moreover,  while  competition  is  a  powerful  motivator  and  organizer  of  learning  for  some  students,  it 
presents  a  number  of  thorny  issues  for  educators.  For  example,  there  is  evidence  that  many  students 
are  inhibited  rather  than  motivated  by  competitive  situations.  Competition  raises  difficult  emotional 
issues  for  some  studems.  thus  introducing  potentially  confusing  or  confounding  faacxs  into  classroom 
interactions.  And  some  people  feel  that  competition  encourages  behavior  and  attitudes  that  are 
socially  undesirable  and  even  unethical. 

We  suspea  that  at  lea.st  some  of  the  ill  effects  of  competition  have  to  do  with  attitudes  toward  and 
beliefs  about  errors  (Brown  &  Bunon,  1978).  If  students  believe  that  making  errors  or  being  wrong 
about  some  process  makes  them  "dumb."  then  comparative,  compendve  situations  will  be  profoundly 
discouraging  to  weaker  students.  Another  faaor  that  makes  competition  seem  probkmaiic  is  that 
under  many  forms  of  teaching,  students  lack  the  means,  in  the  form  of  an  understanding  of  the 
underlying  processes,  strategies,  and  heuristics  involved  in  solving  problems,  for  improving  their 
performance.  In  these  cases,  the  motivation  to  improve  that  might  be  engendered  by  competition  is 
blocked,  leaving  students  inevitably  frustrated  and  discouraged. 

It  may  be  that  at  least  some  of  these  ill  effects  can  be  reduced  by  blending  cooperatiGa  and 
competition:  for  example,  individuals  might  might  work  together  in  groups  in  order  to  compete  with 
other  groups.  In  such  cases,  students  can  take  advantage  of  the  scaffolding  provided  by  the  group  to 
learn  and  strengthen  their  performance.  For  example,  in  reading,  different  groups  might  compete  in 
trying  to  find  some  obscure  information  by  searching  through  the  library. 

This  summarizes  our  framework  for  the  design  of  kaming  environments.  The  framework  was  evolved  partly 
through  a  dose  consideTatian  of  the  three  success  models  discussed  in  the  first  sections  of  the  paper,  as  well  as  other 


models  of  apprentioeship  learning,  e.g.  tennis  (Braden  &.  Bruns.  1977;  Gallwey.  1974).  siding  (Burton.  Brown,  & 
Hsher.  1984).  computational  skills  (Lave,  Murtaugh.  di  de  la  Rocha.  1984>  and  Dewey's  expenmenial  school 
(Cohan.  1984).  fa  turn  the  framework  provides  a  critical  lens  for  evalaatix^  the  strerigths  and  weaknesses  of 
differem  learning  environments  and  teaching  methods. 

4.  OMchuion 

Appremicestup  learning  is  the  way  we  learn  most  naturally.  It  characterized  learning  before  there  were 
schools,  from  learning  one's  language  to  learning  how  to  tun  an  empire.  We  now  have  three  very  successful  models 
of  bow  rqiprenticeship  methods,  in  all  their  dimensians.  can  be  applied  to  teaching  the  school  cumculum  of  reading, 
writing,  and  mathematics. 

These  models,  and  the  framework  we  have  developed,  help  point  the  way  toward  the  redesign  of  scboohng  so 
as  to  help  students  acquire  true  expertise  and  robust  problem-solving  skills,  as  well  as  an  improved  ability  to  learn 
throughout  life.  Perhaps  less  obviously,  we  bebeve  that  the  core  techniques  of  modelling,  coaching  and  fading  can 
be  formalized  and  embedded  in  tomorrow's  powerhil  personal  computers,  thereby  fostering  a  renewal  of 
apprenticeship-style  learning  in  our  schools.  Obviously  a  number  of  advances  in  research  are  required  before  this 
dream  can  become  a  widespread  reality.  Current  woik  on  developing  explicit,  cognitive  theories  of  domain  skills, 
metacognitive  skills,  and  tutoring  skills  is  making  the  crucial  first  steps  in  the  right  direction. 

We  bebeve  the  thrust  toward  computer-aided  learning  is  an  imponaiu  developmea  in  education  for  several 
reasons.  Frist,  computers  make  it  possible  to  give  more  personal  attention  to  irxhvidual  students,  without  which  the 
coaching  and  scaffolding  of  an  apprenticeship-style  learrung  are  impossible.  It  is  precisely  in  human-resource¬ 
intensive  settings,  such  as  teimis  coaching,  learning  foreign  languages  at  Berlitz,  or  recemng  training  in  medical 
diagnosis,  that  apprenticeship  methods  are  still  used.  Appropnately  designed  computer-based  modelling,  coaching, 
nd  fading  systems  can  make  cost-effective  and  widely  available  a  style  of  learning  that  was  previously  severely 
limited.  Of  course,  appreiuicesfaip-based  computer  systems  need  not  take  on  the  total  responsibility.  Instead,  they 
only  need  to  augment  the  master  teacher  in  a  way  that  amplifies  and  makes  her  efforts  more  cost-effective. 

Second,  and  peihaps  more  imporuntly.  research  aimed  ai  building  computer-based  apprenticeship  learning 
environments  can  act  as  a  forcmg  funcuon  to  encourage  the  more  precise  formulauon.  not  only  of  the  processes  and 
knowledge  that  snideias  require  for  expertise,  but  also  of  the  knowledge  that  we  as  teachers  require  m  order  to 
effectively  diagnose  audem  difficuhies.  give  useful  hint.s.  sequence  leanung  activities,  and  so  on.  This  son  of 


knowledge  cm  obviousl>-  have  fruitful  impUcations  not  only  for  the  design  of  electronic  learning  environments,  but 
also  for  teacher  training,  aunculum  design,  and  educational  policy  generally. 
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